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BRASSICA POLYMORPHISMS 


COPYRIGHT NOTICE 
This disclosure contains material which is subject to 
copyright protection. The copyright owner has no objection to 
10 the facsimile reproduction by anyone of the patent document or 
the patent disclosure as it appears in the Patent and 
Trademark Office patent file or records, but otherwise 
reserves all copyright rights whatsoever. 

15 CROSS-REFERENCE TO RELATED APPLICATION 

The present application is a continuation in part of USSN 
08/813,507, filed March 7, 1997, which derives priority from 
provisional application 60/032,069, filed December 2, 1996, 
both of which are incorporated by reference in its entirety 

20 for all purposes. 

BACKGROUND OF THE INVENTION 
The genomes of all organisms undergo spontaneous 
mutation in the course of their continuing evolution 

25 generating variant forms of progenitor sequences (Gusella, 

Ann. Rev. Biochem. 55, 831-854 (1986)) . The variant form may 
confer an evolutionary advantage or disadvantage relative to a 
progenitor form or may be neutral. In some instances, a 
variant form confers a lethal disadvantage and is not 

30 transmitted to subsequent generations of- the organism. In 
other instances, a variant form confers an evolutionary 
advantage to the species and is eventually incorporated into 
the DNA of many or most members of the species and effectively 
becomes the progenitor form. In many instances, both 

35 progenitor and variant form(s) survive and co-exist in a 

species population. The coexistence of multiple forms of a 
sequence gives rise to polymorphisms. 
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Several different types of polymorphism have been 
reported. A restriction fragment length polymorphism (RFLP) 
means a variation in DNA sequence that alters the length of a 
restriction fragment as described in Botstein et al . , Am. J. 
5 Hum. Genet. 32, 314-331 (1980) . The restriction fragment 

length polymorphism may create or delete a restriction site, 
thus changing the length of the restriction fragment. RFLPs 
have been widely used in human and animal genetic analyses 
(see WO 90/13668; W090/11369; Donis-Keller , Cell 51, 319-337 

10 (1987); Lander et al . , Genetics 121, 85-99 (1989)). When a 
heritable trait can be linked to a particular RFLP, the 
presence of the RFLP in an individual can be used to predict 
the likelihood that the animal will also exhibit the trait. 

Other polymorphisms take the form of short tandem 

15 repeats (STRs) that include tandem di-, tri- and tetra- 

nucleotide repeated motifs. These tandem repeats are also 
referred to as variable number tandem repeat (VNTR) 
polymorphisms. VNTRs have been used in identity and paternity 
analysis (US 5,075,217; Armour et al . , FEBS Lett. 307, 113-115 

20 (1992); Horn et al., W0 91/14003; Jeffreys, EP 370,719), and 
in a large number of genetic mapping studies. 

Other polymorphisms take the form of single nucleotide 
variations between individuals of the same species. Such 
polymorphisms are far more frequent than RFLPs, STRs and 

25 VNTRs. Some single nucleotide polymorphisms occur in protein- 
coding sequences, in which case, one of the polymorphic forms 
may give rise to the expression of a defective or other 
variant protein. Other single nucleotide polymorphisms occur 
in noncoding regions. Some of these polymorphisms may also 

30 result in defective or variant protein expression (e.g., as a 
result of defective splicing) . Other single nucleotide 
polymorphisms have no phenotypic effects. Single nucleotide 
polymorphisms can be used in the same manner as RFLPs, and 
VNTRs but offer several advantages. Single nucleotide 

35 polymorphisms occur with greater frequency and are spaced more 
uniformly throughout the genome than other forms of 
polymorphism. The greater frequency and uniformity of single 
nucleotide polymorphisms means that there is a greater 
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probability that such a polymorphism will be found in close 
proximity to a genetic locus of interest than would be the 
case for other polymorphisms. Also, the different forms of 
characterized single nucleotide polymorphisms are often easier 
5 to distinguish that other types of polymorphism (e.g., by use 
of assays employing allele-specif ic hybridization probes or 
primers) . 

Despite the increased amount of nucleotide sequence 
data being generated in recent years, only a minute proportion 

10 of the total repository of polymorphisms has so far been 

identified. The paucity of polymorphisms hitherto identified 
is due to the large amount of work required for their 
detection by conventional methods. For example, a 
conventional approach to identifying polymorphisms might be to 

15 sequence the same stretch of oligonucleotides in a population 
of individuals by didoxy sequencing. In this type of 
approach, the amount of work increases in proportion to both 
the length of sequence and the number of individuals in a 
population and becomes impractical for large stretches of DNA 

20 or large numbers of subjects. 

SUMMARY OF THE INVENTION 
The invention provides nucleic acid segments 
containing at least 10, 15 or 20 contiguous bases from a 

25 fragment shown in Table 1 or 2, the complement thereof, or a 

plant cognate variant of the fragment. The segments include a 
polymorphic site shown in Table 1 or 2 . The segments can be 
DNA or RNA, and can be double- or single-stranded. Some 
segments are 10-20 or 10-50 bases long. Preferred segments 

30 include a diallelic polymorphic site. 

The invention further provides allele-specif ic 
oligonucleotides that hybridizes to a segment of a fragment 
shown in Table 1 or 2 or its complement. These 
oligonucleotides can be probes or primers. Also provided are 

35 isolated nucleic acids comprising a sequence of Table 1 or 2 
or the complement thereto, in which the polymorphic site 
within the sequence is occupied by a base other than the 
reference base shown in Table 1 or 2 . 
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The invention further provides a method of analyzing a 
nucleic acid from a subject. The method determines which base 
or bases is/are present at any one of the polymorphic sites 
shown in Table 1 or 2 . Optionally, a set of bases occupying a 
5 set of the polymorphic sites shown in Table 1 or 2 is 

determined. This type of analysis can be performed on a 
plurality of subjects who are tested for the presence of a 
phenotype. The presence or absence of phenotype can then be 
correlated with a base or set of bases present at the 
10 polymorphic sites in the subjects tested. 

BRIEF DESCRIPTION OF THE FIGURE 
Fig. 1 shows probe arrays tiles for two allelic forms of 
the Brassica 18A2 polymorphism. 

15 

DEFINITIONS 

A nucleic acid, such an oligonucleotide, 
oligonucleotide can be DNA or RNA, and single- or double- 
stranded. Oligonucleotides can be naturally occurring or 

20 synthetic, but are typically prepared by synthetic means. 

Preferred nucleic acids of the invention include segments of 
DNA, or their complements including any one of the polymorphic 
sites shown in Table 1 or 2 . The segments are usually between 
5 and 100 bases, and often between 5-10, 5-20, 10-20, 10-50, 

25 20-50 or 20-100 bases. The polymorphic site can occur within 
any position of the segment. The segments can be from any of 
the allelic forms of DNA shown in Table 1 or 2 . Methods of 
synthesizing oligonucleotides are found in, for example, 
Oligonucleotide Synthesis : A Practical Approach (Gait, ed., 

30 IRL Press, Oxford, 1984) . 

Hybridization probes are oligonucleotides capable of 
binding in a base-specific manner to a complementary strand of 
nucleic acid. Such probes include peptide nucleic acids, as 
described in Nielsen et al . , Science 254, 1497-1500 (1991). 

35 The term primer refers to a single-stranded 

oligonucleotide capable of acting as a point of initiation of 
template-directed DNA synthesis under appropriate conditions 
(i.e., in the presence of four different nucleoside 
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triphosphates and an agent for polymerization, such as, DNA or 
RNA polymerase or reverse transcriptase) in an appropriate 
buffer and at a suitable temperature. The appropriate length 
of a primer depends on the intended use of the primer but 
5 typically ranges from 15 to 30 nucleotides. Short primer 
molecules generally require cooler temperatures to form 
sufficiently stable hybrid complexes with the template. A 
primer need not reflect the exact sequence of the template but 
must be sufficiently complementary to hybridize with a 

10 template. The term primer site refers to the area of the 

target DNA to which a primer hybridizes. The term primer pair 
means a set of primers including a 5 1 upstream primer that 
hybridizes with the 5' end of the DNA sequence to be amplified 
and a 3 ! , downstream primer that hybridizes with the 

15 complement of the 3* end of the sequence to be amplified. 

Linkage describes the tendency of genes, alleles, loci 
or genetic markers to be inherited together as a result of 
their location on the same chromosome, and can be measured by 
percent recombination between the two genes, alleles, loci or 

2 0 genetic markers. 

Polymorphism refers to the occurrence of two or more 
genetically determined alternative sequences or alleles in a 
population. A polymorphic marker or site is the locus at 
which divergence occurs. Preferred markers have at least two 

25 alleles, each occurring at frequency of greater than 1%, and 
more preferably greater than 10% or 20% of a selected 
population. A polymorphic locus may be as small as one base 
pair. Polymorphic markers include restriction fragment length 
polymorphisms, variable number of tandem repeats (VNTR's), 

30 hypervariable regions, minisatellites, dinucleotide repeats, 
trinucleotide repeats, tetranucleotide repeats, simple 
sequence repeats, and insertion elements such as Alu. The 
first identified allelic form is arbitrarily designated as a 
the reference form and other allelic forms are designated as 

35 alternative or variant alleles. The allelic form occurring 

most frequently in a selected population is sometimes referred 
to as the wildtype form. Diploid organisms may be homozygous 
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or heterozygous for allelic forms. A diallelic polymorphism 
has two forms. A triallelic polymorphism has three forms. 

A single nucleotide polymorphism occurs at a 
polymorphic site occupied by a single nucleotide, which is the 
5 site of variation between allelic sequences. The site is 

usually preceded by and followed by highly conserved sequences 
of the allele (e.g., sequences that vary in less than 1/100 or 
1/1000 members of the populations) . 

A single nucleotide polymorphism usually arises due to 

10 substitution of one nucleotide for another at the polymorphic 
site. A transition is the replacement of one purine by another 
purine or one pyrimidine by another pyrimidine. A 
transversion is the replacement of a purine by a pyrimidine or 
vice versa. Single nucleotide polymorphisms can also arise 

15 from a deletion of a nucleotide or an insertion of a 
nucleotide relative to a reference allele. 

Hybridizations are usually performed under stringent 
conditions, for example, at a salt concentration of no more 
than 1 M and a temperature of at least 25°C. For example, 

20 conditions of 5X SSPE (750 mM NaCl, 50 mM NaPhosphate, 5 mM 
EDTA, pH 7.4) and a temperature of 25-30°C are suitable for 
allele-specif ic probe hybridizations. 

The invention provides DNA sequences from Brassica and 
corn and cognate sequences from other plants. The term 

25 cognate refers to a gene sequence that is evolutionarily and 

functionally related between species. Cognate genes typically 
exhibit a high degree of sequence identity, (e.g., at least 
80, 90, 95 or 99%) and hybridize to each other under stringent 
conditions. A polymorphic site in cognate sequences occur in 

30 corresponding positions when the sequences are maximally 

aligned according to the criteria of any one of the following 
references: Smith & Waterman (1981), Adv. Appl. Math. 2, 482; 
Needleman & Wunsch (1970), J. Mol. Biol. 48: 443; Pearson & 
Lipman (1988), Proc. Natl. Acad. Sci . (U.S.A.) 85: GAP, 

35 BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr., Madison, WI 
(each of which is incorporated by reference in its entirety 
for all purposes) . 


6 


WO 98/24796 


PCT/US97/21782 


Nucleic acids of the invention are often in isolated 
form. An isolated nucleic acid means an object species that 
is the predominant species present (i.e., on a molar basis it 
is more abundant than any other individual species in the 
5 composition) . Preferably, an isolated nucleic acid comprises 
at least about 50, 80 or 90 percent (on a molar basis) of all 
macromolecular species present. Most preferably, the object 
species is purified to essential homogeneity (contaminant 
species cannot be detected in the composition by conventional 
10 detection methods) . 

DESCRIPTION OF THE PRESENT INVENTION 
I . Novel Polymorphisms of the Invention 

The present application provides oligonucleotides 

15 containing polymorphic sites isolated from two Brassica 
species, B. napus and B. oleracea, or corn, or cognate 
sequences from other plants. The invention also includes 
various methods for using those novel oligonucleotides to 
identify, distinguish, and determine the relatedness of 

20 individual strains or pools of nucleic acids from plants, 

particularly vegetal plants, and especially plants, within the 
family Cruci ferae or Teosinte. 

The genus Brassica is part of the family Cruciferae. 
Members of the Brassica genus have been described as Old World 

25 Temperate Zone herbs of the mustard family with beaked 

cylindrical pods. Merriam-Webster 's Collegiate Dictionary, 
(10th ed., 1993), p. 139. Many cruciferous plants are 
important agricultural items and include many foodstuffs 
(condiments, oilseeds, and vegetables) . For example, canola 

30 (a type of Brassica napus) is one of the largest crops in 
Canada . 

Sequences 1-149 in Table 1 and sequences from 86-5B5- 
N3 to 2B7/2F7-2A in Table 2 were isolated from B. napus and B. 
oleracea using oligonucleotide primers designed from expressed 
35 DNA sequences from Arabidopsis thaliana, a relative of 

Brassica napus and member of the Cruciferae family. See Hofte 
et al . , An inventory of expressed sequence tags obtained by 
partial sequencing of cDNAs from Arabidopsis thaliana, Plant 
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J., Vol.4, pp. 1051-1061 (1993) and Newman et al. f Genes 
Galore: A Summary of Methods for Accessing Results from Large- 
Scale Partial Sequencing of Anonymous Arabidopsis cDNA Clones, 
Plant Physiol., Vol. 106, pp. 1241-1255 (1994). There is a 
5 high degree of homology between the coding sequences of 

Arabidopsis, Brassica, and other members of the Cruciferae 
family. 

The designations in Table 1 are as follows. The first 
column is an arbitrarily assigned identification number for a 

10 polymorphism. The second and third columns, xmin and ymin, 

are the co-ordinates of probes for analyzing the polymorphism 
on a DNA chip (to be described below) . The first number in 
the marker name is the Brassica strain name corresponding to 
the upper allele sequence. The next number designates the 

15 primer pair used for the PCR amplification. The sequences of 
some primers are described at the web site 

(http://www.yorku.ca/ftp/york__other/cgat/) (incorporated by 
reference in its entirety for all purposes) . The last number 
is the name of the strain for the lower allele sequence. For 

20 example 85/5B5/86-1 means that the polymorphic site was 
identified by comparing strains 85 and 86-1 at a segment 
amplified by primers 5B5. Each sequence in the table includes 
a polymorphic site shown in square brackets [] and flanking 
bases common to both strains being compared. The upper and 

25 lower sequences in the square brackets are from the two 

strains being compared (upper strand corresponding to the 
first designated strain) . A "/" within square brackets 
followed or preceded by a blank space represents an 
addition/deletion polymorphism. An asterisk indicates 

30 triallelic markers. The designation N indicates a base whose 
identity was not determined. The nomenclature for Table 2 is 
similar except that only fragment names and sequences flanking 
and including polymorphic sites are shown. In both Tables 1 
and 2, the symbol "T" should be read as a "U" in RNA forms of 

35 the nucleic acids provided by the invention. 

The invention further provides oligonucleotides from corn 
(zea maize) , and cognate sequences from other plants 
especially those from the Teosinte family in which corn falls. 
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DNA was extracted from maize lines as described in Rogers and 
Bendich, Plant Biol. Manual A6, 1-10 (1988) with modification 
described in Murigneux et al . , Theo. Appl. Genet. 86, 837-842 
1993) . PCR amplification was done on six maize lines 
5 - representing a wide range of genetic variability and including 
both European flint material and US dent germplasm. These six 
maize lines were chosen to maximize genetic variability and 
thereby improve the probability of finding polymorphisms in 
the allelic sequences. Preferred primers for amplification 

10 of some DNA segments including polymorphic sites are shown in 
Table 3 . Other primers can be designed to incorporate 
sequences flanking the nucleic acid segments listed in Tables 
1 and 2. Flanking sequences can be obtained from GenBank, or 
Bae et al., Maydica 35, 317-322 (1990), or PCR-based gene 

15 walking. See Parker et al . , Nucl. Acids Res. 19, 3055-3060. 
A specific primer for the sequenced region is primed with a 
general primer that hybridizes to the flanking region. 

Nucleic acid segments flanking polymorphic sites in Zea 
Maize are shown as sequences 150-264 of Table 1, and sequences 

20 from S71G2/G6-1 to S01G3/G7-2 in Table 2. The nomenclature is 
the same as that described earlier for Brassica sequences. 

11. Analysis of Polymorphisms 

A. Preparation of Samples 

25 Polymorphisms are detected in a target nucleic acid 

from a plant being analyzed. Target nucleic acids can be 
genomic or cDNA. Many of the methods described below require 
amplification of DNA from target samples. This can be 
accomplished by e.g., PCR. See generally PCR Technology: 

30 Principles and Applications for DNA Amplification (ed. H.A. 

Erlich, Freeman Press, NY, NY, 1992) ; PCR Protocols: A Guide 
to Methods and Applications (eds. Innis, et al • , Academic 
Press, San Diego, CA, 1990); Mattila et al . , Nucleic Acids 
Res. 19, 4967 (1991); Eckert et al . , PCR Methods and 

35 Applications 1, 17 (1991); PCR (eds. McPherson et al., IRL 
Press, Oxford); and U.S. Patent 4,683,202 (each of which is 
incorporated by reference for all purposes) . 


9 


WO 98/24796 


PCT/US97/21782 


Other suitable amplification methods include the 
ligase chain reaction (LCR) (see Wu and Wallace, Genomics 4, 
560 (1989), Landegren et al., Science 241, 1077 (1988), 
transcription amplification (Kwoh et al., Proc. Natl. Acad. 
5 -.Sci. USA 86, 1173 (1989)), and self -sustained sequence 

replication (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 
1874 (1990)) and nucleic acid based sequence amplification 
(NASBA) . The latter two amplification methods involve 
isothermal reactions based on isothermal transcription, which 
10 produce both single stranded RNA (ssRNA) and double stranded 
DNA (dsDNA) as the amplification products in a ratio of about 
30 or 100 to 1, respectively. 

B. Detection of Polymorphisms in Target DNA 
15 There are two distinct types of analysis depending 

whether a polymorphism in question has already been 
characterized. The first type of analysis is sometimes 
referred to as de novo characterization. This analysis 
compares target sequences in different individual plants to 
20 identify points of variation, i.e., polymorphic sites. The 
de novo identification of the polymorphisms of the invention 
is described in the Examples section. The second type of 
analysis is determining which form(s) of a characterized 
polymorphism are present in plants under test. There are a 
25 variety of suitable procedures, which are discussed in turn. 

1 . Allele-Soecif ic Probes 

The design and use of allele- specif ic probes for 
analyzing polymorphisms is described by e.g., Saiki et al., 

30 Nature 324, 163-166 (1986); Dattagupta, EP 235,726, Saiki, WO 
89/11548. Allele-specif ic probes can be designed that 
hybridize to a segment of target DNA from one member of a 
species but do not hybridize to the corresponding segment from 
another member due to the presence of different polymorphic 

35 forms in the respective segments from the two members. 

Hybridization conditions should be sufficiently stringent that 
there is a significant difference in hybridization intensity 
between alleles, and preferably an essentially binary 
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response, whereby a probe hybridizes to only one of the 
alleles. Some probes are designed to hybridize to a segment 
of target DNA such that the polymorphic site aligns with a 
central position (e.g., in a 15 mer at the 7 position; in a 16 
5 s. mer, at either the 8 or 9 position) of the probe. This design 
of probe achieves good discrimination in hybridization between 
different allelic forms. 

Allele-specif ic probes are often used in pairs, one 
member of a pair showing a perfect match to a reference form 
10 of a target sequence and the other member showing a perfect 

match to a variant form. Several pairs of probes can then be 
immobilized on the same support for simultaneous analysis of 
multiple polymorphisms within the same target sequence. 

15 2 . Tiling Arrays 

The polymorphisms can also be identified by 
hybridization to nucleic acid arrays, some example of which 
are described by WO 95/11995 (incorporated by reference in its 
entirety for all purposes) . One form of such arrays is 

20 described in the Examples section in connection with de novo 
identification of polymorphisms. The same array or a 
different array can be used for analysis of characterized 
polymorphisms. WO 95/11995 also describes subarrays that are 
optimized for detection of a variant forms of a 

25 precharacterized polymorphism. Such a subarray contains 
probes designed to be complementary to a second reference 
sequence, which is an allelic variant of the first reference 
sequence. The second group of probes is designed by the same 
principles as described in the Examples except that the probes 

30 exhibit complementarity to the second reference sequence. The 
inclusion of a second group (or further groups) can be 
particular useful for analyzing short subsequences of the 
primary reference sequence in which multiple mutations are 
expected to occur within a short distance commensurate with 

35 the length of the probes (i.e., two or more mutations within 9 
to 21 bases) . 

A DNA chip has been designed containing subarrays of 
probes for analyzing each of the 2 64 polymorphic sites shown 
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in Table 1. Preferred polymorphic sites for inclusion on such 
a chip are selected by a number of criteria. Some polymorphic 
sites are selected because they are evenly distributed 
throughout the genome of a plant. For example, one or more 
5 - polymorphisms is present on each chromosome. Preferably, the 
polymorphisms are no more than 20 cM apart. Other 
polymorphisms are selected because they occur within a segment 
that can be made to give a single band on Southern analysis. 
Other polymorphisms may be selected because they occur in 

10 genes encoding enzymes that function in the same pathway. 

Preferred primer pairs for amplification of nucleic acid 
segments flanking most of these polymorphic sites of Table 1 
are shown in Table 3. This chip is used to determine a 
polymorphic profile of a plant under test at some or all of 

15 the polymorphic sites on the chip. Thus, one can determine 
which allelic form is present in a plant at up to 264 sites. 
Such a profile is useful in some of the applications described 
below. 

DNA segments are preferably amplified in a multiplex 

20 fashion. For example, polymorphic sites 5, 8, 64, 108, 36, 
38, and 136 (Table 1) can be amplified from the primers shown 
in Table 3 in one group. Polymorphic sites 11, 12, 15, 29, 
130, 139, 140, 40, 49, 63, 72, 81, 86, 92, 93, 102, 142, 146, 
149, 16, 138 can be amplified in another group. Polymorphic 

25 sites 1, 7, 17, 25, 26, 42, 60, 67, 73, 75, 106, 107, 111, 

123, 133, 43, 51, 82, 95, and 101 can be amplified in another 
group. Polymorphic sites 2, 9, 20, 34, 41, 45, 61, 62, 65, 
74, 75, 80, 91, 100, 105, 110, 123, and 14 can be amplified in 
another group. Polymorphic sites 4, 41, 61, 62, 65, 66, 76, 

30 80, 91, 94, 111, 114, 121, 132, 22, 32, 33, 44, 53, 97 and 145 
can be amplified in another group. Polymorphic sites 6, 21, 
27, 46, 66, 68, 71, 77, 89, 89, 98, 103, 105, 31, 35, 54, 59, 
84, 85, 96, 116, 137, 141, and 148 can be amplified in another 
group. Polymorphic sites 48, 70, 78, 87, 88, 90, 99, 103, 

35 104, 112, 117, 118, 119, 122, 124, 13, 18, 30, 37, 69, 94, 

135, and 147 can be amplified in another group. Polymorphic 
sites 247, 207, 203, and 173 can be amplified in another 
group. Polymorphic sites 229, 217, 212, 204, 195, 171, 175, 
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23 6, 174, and 193 can be amplified in another group. 
Polymorphic sites 232, 243, 157, 162, 169, 177, 179, 234, 241, 
255, 152, 160, 184, 188, 192, 199, 201, 205, 210, 220, 223, 
226, 245, 249, and 252 can be amplified in another group. 
5 -Polymorphic sites 233, 244, 246, 248, 227, 211, 214, 200, 150, 
158, 170, 178, 181, 238, 254, 161, 165, 180, 187, 222, and 231 
can be amplified from another group. Polymorphic sites 228, 
235, 215, 218, 221, 225, 198, 155, 163, 166, 167, 172, 216, 
242, 159, 182, 186, 191, 202, 208, 230, 237, and 253 can be 
10 amplified in another group. Polymorphic sites 219, 224, 206, 
209, 213, 194, 196, 197, 151, 153, 156, 164, 185, 250, 154, 
168, 176, 183, 190, 239, 251, and 256 can be amplified in 
another group. 

15 3 . Allele- Specific Primers 

An allele-specif ic primer hybridizes to a site on 
target DNA overlapping a polymorphism and only primes 
amplification of an allelic form to which the primer exhibits 
perfect complementarity. See Gibbs, Nucleic Acid Res. 17, 

20 2427-2448 (1989) , This primer is used in conjunction with a 
second primer which hybridizes at a distal site. 
Amplification proceeds from the two primers leading to a 
detectable product signifying the particular allelic form is 
present. A control is usually performed with a second pair of 

25 primers, one of which shows a single base mismatch at the 
polymorphic site and the other of which exhibits perfect 
complementarity to a distal site. The single-base mismatch 
prevents amplification and no detectable product is formed. 
The method works best when the mismatch is included in the 3 1 - 

30 most position of the oligonucleotide aligned with the 

polymorphism because this position is most destabilizing to 
elongation from the primer. See, e.g., WO 93/22456. 

4 . Direct -Sequencing 
35 The direct analysis of the sequence of 

polymorphisms of the present invention can be accomplished 
using either the dideoxy chain termination method or the Maxam 
Gilbert method (see Sambrook et al . , Molecular Cloning, A 
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Laboratory Manual (2nd Ed., CSHP, New York 1989) ; Zyskind et 
al., Recombinant DNA Laboratory Manual, (Acad. Press, 1988)). 

5 - 5. Denaturing Gradient Gel Electrophoresis 

Amplification products generated using the 
polymerase chain reaction can be analyzed by the use of 
denaturing gradient gel electrophoresis. Different alleles 
can be identified based on the different sequence -dependent 

10 melting properties and electrophoretic migration of DNA in 
solution. Erlich, ed., PCR Technology, Principles and 
Applications for DNA Amplification, (W.H. Freeman and Co, New 
York, 1992), Chapter 7. 

6 . Single-Strand Conformation Polymorphism Analysis 

15 Alleles of target sequences can be differentiated 

using single-strand conformation polymorphism analysis, which 
identifies base differences by alteration in electrophoretic 
migration of single stranded PCR products, as described in 
Orita et al,, Proc. Nat. Acad. Sci. 86, 2766-2770 (1989). 

20 Amplified PCR products can be generated as described above, 
and heated or otherwise denatured, to form single stranded 
amplification products. Single -stranded nucleic acids may 
refold or form secondary structures which are partially 
dependent on the base sequence. The different electrophoretic 

25 mobilities of single-stranded amplification products can be 

related to base-sequence difference between alleles of target 
sequences . 

III. Methods of Use 

30 After determining polymorphic form(s) present in a 

subject plant at one or more polymorphic sites, this 
information can be used in a number of methods. 
A. Fingerprint Analysis 

Analysis of which polymorphisms are present in a plant 

35 is useful in determining of which strain the plant is a member 
an in distinguishing one strain from another. A genetic 
fingerprint for an individual strain can be made by 
determining the nucleic acid sequence possessed by that 
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individual strain that corresponds to a region of the genome 
known to contain polymorphisms. For a discussion of genetic 
fingerprinting in the animal kingdom, see, for example, 
Stokening et.al., Am. J. Hum. Genet. 48:370-382 (1991). The 
5 • probability that one or more polymorphisms in an individual 
strain is the same as that in any other individual strain 
decreases as the number of polymorphic sites is increased. 

The comparison of the nucleic acid sequences from two 
strains at one or multiple polymorphic sites can also 

10 demonstrate common or disparate ancestry. Since the 

polymorphic sites are within a large region in the genome, the 
probability of recombination between these polymorphic sites 
is low. That low probability means the haplotype (the set of 
all the disclosed polymorphic sites) set forth in this 

15 application should be inherited without change for at least 

severa l generations. Knowledge of plant strain or ancestry is 
useful, for example, in a plant breeding program or in tracing 
progeny of a proprietary plant. Fingerprints are also used to 
identify an individual strain and to distinguish or determine 

20 the relatedness of one individual strain to another. Genetic 
fingerprinting can also be useful in hybrid certification, the 
certification of seed lots, and the assertion of plant 
breeders rights under the laws of various countries. 

Genetic fingerprinting is also useful in screening progeny 

25 of a backcross for a high contribution of a parent strain (see 
Hospital et al., Genetics 44, 843-874 (1992)). In a 
backcross, a progeny that has been bred to have a desired 
phenotype is crossed with a parental strain to remove genetic 
variations that do not contribute to the desired phenotype but 

30 which may have latent undesirable effects. After crossing, 

offspring retaining the desired phenotype are identified, and 
their polymorphic profile is determined. The offspring 
retaining the desired phenotype and having the greatest 
similarity in polymorphic profile to a parent strain can then 

35 used as a production model. 
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B . Correlation of Polymorphisms with Phenotypic ■ Traits 

The polymorphisms of the invention may contribute to 
the phenotype of a plant in different ways. Some 
polymorphisms occur within a protein coding sequence and 
5 .contribute to phenotype by affecting protein structure. The 
effect may be neutral, beneficial or detrimental, or both 
beneficial and detrimental, depending on the circumstances. 
Other polymorphisms occur in noncoding regions but may exert 
phenotypic effects indirectly via influence on replication, 

10 transcription, and translation. A single polymorphism may 
affect more than one phenotypic trait. Likewise, a single 
phenotypic trait may be affected by polymorphisms in different 
genes. Further, some polymorphisms predispose a plant to a 
distinct mutation that is causally related to a certain 

15 phenotype . 

Phenotypic traits include characteristics such as 
growth rate, crop yield, crop quality, resistance to 
pathogens, herbicides, and other toxins, nutrient 
requirements, resistance to high temperature, freezing, 

20 drought, requirements for light and soil type, aesthetics, and 
height. Other phenotypic traits include susceptibility or 
resistance to diseases, such as plant cancers. Often 
polymorphisms occurring within the same gene correlate with 
the same phenotype. 

25 Correlation is performed for a population of plants, 

which have been tested for the presence or absence of a 
phenotypic trait of interest and for polymorphic markers sets. 
To perform such analysis, the presence or absence of a set of 
polymorphisms (i.e. a polymorphic set) is determined for a set 

30 of the plants, some of whom exhibit a particular trait, and 

some of which exhibit lack of the trait. The alleles of each 
polymorphism of the set are then reviewed to determine whether 
the presence or absence of a particular allele is associated 
with the trait of interest. Correlation can be performed by 

35 standard statistical methods such as a K-squared test and 
statistically significant correlations between polymorphic 
form(s) and phenotypic characteristics are noted. 
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Correlations between characteristics and phenotype are 
useful for breeding for desired characteristics. By analogy, 
Beitz et al . , US 5,292,639 discuss use of bovine mitochondrial 
polymorphisms in a breeding program to improve milk production 
5 -in cows. To evaluate the effect of mtDNA D-loop sequence 

polymorphism on milk production, each cow was assigned a value 
of 1 if variant or 0 if wildtype with respect to a 
prototypical mitochondrial DNA sequence at each of 17 
locations considered. Each production trait was analyzed 

10 individually with the following animal model: 

Y ijkpn= M + YSi + Pj + X k + fi x + ... 0 17 + PE n + a n +e p 
where Yijjmp is the milk, fat, fat percentage, SNF, SNF 
percentage, energy concentration, or lactation energy record; 
fi is an overall mean; YS ± is the effect common to all cows 

15 calving in year-season; X k is the effect common to cows in 
either the high or average selection line; fi 1 to j3 17 are the 
binomial regressions of production record on mtDNA D-loop 
sequence polymorphisms; PE n is permanent environmental effect 
common to all records of cow n; a n is effect of animal n and 

20 is composed of the additive genetic contribution of sire and 
dam breeding values and a Mendelian sampling effect; and e p is 
a random residual. It was found that eleven of seventeen 
polymorphisms tested influenced at least one production trait. 
Bovines having the best polymorphic forms for milk production 

25 at these eleven loci are used as parents for breeding the next 
generation of the herd. 

One can test at least several hundreds of markers 
simultaneously in order to identify those linked to a gene or 
chromosomal region. For example, to identify markers linked 

30 to a gene conferring disease resistance, a DNA pool is 

constructed from plants of a segregating population that are 
resistant and another pool is constructed from plants that are 
sensitive to the disease. Those two DNA pools are identical 
except for the DNA sequences at the resistance gene locus and 

35 in the surrounding genomic area. Hybridization of such DNA 
pools to the DNA sequences listed in Table 1 allows the 
simultaneous testing of several hundreds of loci for 
polymorphisms. Allelic polymorphism-detecting sequences that 
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show differences in hybridization patterns between such DNA 
pools represent loci linked to the disease resistance gene. 

The method just described can also be applied to 
rapidly identify rare alleles in large populations of plants. 
5 -.For example, nucleic acid pools are constructed from several 

individuals of a large population. The nucleic acid pools are 
hybridized to nucleic acids having the polymorphism- detecting 
sequences listed in Table 1 or 2 . The detection of a rare 
hybridization profile will indicate the presence of a rare 
10 allele in a specific nucleic acid pool. RNA pools are 
particularly suited to identify differences in 
gene expression. 

IV. Modified Polypeptides and Gene Sequences 

15 The invention further provides variant forms of 

nucleic acids and corresponding proteins. The nucleic acids 
comprise at least 10 contiguous bases of one of the sequences 
described in Table 1 or 2, in any of the allelic forms shown. 
Some nucleic acid encode full-length proteins. 

20 Genes can be expressed in an expression vector in 

which a gene is operably linked to a native or other promoter. 
Usually, the promoter is a eukaryotic promoter for expression 
in a eukaryotic cell. The transcription regulation sequences 
typically include a heterologous promoter and optionally an 

25 enhancer which is recognized by the host. The selection of an 
appropriate promoter, for example trp, lac, phage promoters, 
glycolytic enzyme promoters and tRNA promoters, depends on the 
host selected. Commercially available expression vectors can 
be used. Vectors can include host -recognized replication 

30 systems, amplifiable genes, selectable markers, host sequences 
useful for insertion into the host genome, and the like. 

The means of introducing the expression construct into 
a host cell varies depending upon the particular construction 
and the target host. Suitable means include fusion, 

35 conjugation, transf ection, transduction, electroporation or 

injection, as described in Sambrook, supra. A wide variety of 
host cells can be employed for expression of the variant gene, 
both prokaryotic and eukaryotic. Suitable host cells include 
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bacteria such as E. coli, yeast, filamentous fungi, insect 
cells, mammalian cells, typically immortalized, e.g., mouse, 
CHO, human and monkey cell lines and derivatives thereof, and 
plant cells. Preferred host cells are able to process the 
variant gene product to produce an appropriate mature 
polypeptide. Processing includes glycosylation, 
ubiquitination, disulfide bond formation, general post- 
translational modification, and the like. 

The DNA fragments are introduced into cultured plant 
cells by standard methods including electroporation (From et 
al., Proc. Natl Acad. Sci. USA 82, 5824 (1985), infection by 
viral vectors such as cauliflower mosaic virus (CaMV) (Hohn et 
al., Molecular Biology of Plant Tumors, (Academic Press, New 
York, 1982) pp. 549-560; Howell, US 4,407,956), high velocity 
ballistic penetration by small particles with the nucleic acid 
either within the matrix of small beads or particles, or on 
the surface (Klein et al . , Mature 327, 70-73 (1987)), use of 
pollen as vector (WO 85/01856) , or use of AgroJbacteriu/n 
tumefaciens transformed with a Ti plasmid in which DNA 
fragments are cloned. The Ti plasmid is transmitted to plant 
cells upon infection by AsrroJbacteriu/n tumefaciens, and is 
stably integrated into the plant genome (Horsch et al . , 
Science, 233, 496-498 (1984); Fraley et al., Proc. Natl. Acad. 
Sci. USA 80, 4803 (1983)). 

The protein may be isolated by conventional means of 
protein biochemistry and purification to obtain a 
substantially pure product, i.e., 80, 95 or 99% free of cell 
component contaminants, as described in Jacoby, Methods in 
Enzymology Volume 104, Academic Press, New York (1984); 
Scopes, Protein Purification, Principles and Practice, 2nd 
Edition, Springer-Verlag, New York (1987); and Deutscher (ed) , 
Guide to Protein Purification, Methods in Enzymology, Vol. 182 
(1990) . If the protein is secreted, it can be isolated from 
the supernatant in which the host cell is grown. If not 
secreted, the protein can be isolated from a lysate of the 
host cells. 

The invention further provides transgenic plants 
capable of expressing an exogenous variant gene and/or having 
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one or both alleles of an endogenous variant gene inactivated. 
Plant regeneration from cultural protoplasts is described in 
Evans et al "Protoplasts Isolation and Culture," Handbook of 
Plant Cell Cultures 1, 124-176 (MacMillan Publishing Co., New 
5 York, 1983) ; Davey, "Recent Developments in the Culture and 

Regeneration of Plant Protoplasts," Protoplasts, (1983) - pp. 
12-29, (Birkhauser, Basal 1983) ; Dale, "Protoplast Culture and 
Plant Regeneration of Cereals and Other Recalcitrant Crops, " 
Protoplasts (1983)- pp. 31-41, (Birkhauser, Basel 1983); 

10 Binding, "Regeneration of Plants," Plant Protoplasts, pp. 21- 
73, (CRC Press, Boca Raton, 1985) . For example, a variant 
gene responsible for a disease-resistant phenotype can be 
introduced into the plant to simulate that phenotype. 
Expression of an exogenous variant gene is usually achieved by 

15 operably linking the gene to a promoter and optionally an 
enhancer. Inactivation of endogenous variant genes can be 
achieved by forming a transgene in which a cloned variant gene 
is inactivated by insertion of a positive selection marker. 
See Capecchi, Science 244, 1288-1292 (1989) . Such transgenic 

20 plants are useful in a variety of screening assays. For 
example, the transgenic plant can then be treated with 
compounds of interest and the effect of those compounds on the 
disease resistance can be monitored. In another example, the 
transgenic plant can be exposed to a variety of environmental 

25 conditions to determine the effect of those conditions on the 
resistance to the disease. 

In addition to substantially full-length polypeptides, 
the present invention includes biologically active fragments 
of the polypeptides, or analogs thereof, including organic 

30 molecules which simulate the interactions of the peptides. 

Biologically active fragments include any portion of the full- 
length polypeptide which confers a biological function on the 
variant gene product, including ligand binding, and antibody 
binding. Ligand binding includes binding by nucleic acids, 

35 proteins or polypeptides, small biologically active molecules, 
or large cellular structures. 

Polyclonal and/or monoclonal antibodies that 
specifically bind to one allelic gene products but not to a 
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second allelic gene product' are also provided. Antibodies can 
be made by injecting mice or other animals with the variant 
gene product or synthetic peptide fragments thereof. 
Monoclonal antibodies are screened as are described, for 
5 - example, in Harlow & Lane, Antibodies, A Laboratory Manual, 

Cold Spring Harbor Press, New York (1988) / Goding, Monoclonal 
antibodies, Principles and Practice (2d ed.) Academic Press, 
New York (1986) . Monoclonal antibodies are tested for 
specific immunoreactivity with a variant gene product and lack 
10 of immunoreactivity to the corresponding prototypical gene 

product. These antibodies are useful in diagnostic assays for 
detection of the variant form, or as an active ingredient in a 
pharmaceutical composition. 

15 V. Kits 

The invention further provides kits comprising at 
least one allele-specif ic oligonucleotide as described above. 
Often, the kits contain one or more pairs of allele-specif ic 
oligonucleotides hybridizing to different forms of a 

20 polymorphism. In some kits, the allele-specif ic 

oligonucleotides are provided immobilized to a substrate. For 
example, the same substrate can comprise allele-specif ic 
oligonucleotide probes for detecting at least 10, 100 or all 
of the polymorphisms shown in Table 1 or 2 . Optional 

25 additional components of the kit include, for example, 

restriction enzymes, reverse -transcriptase or polymerase, the 
substrate nucleoside triphosphates, means used to label (for 
example, an avidin-enzyme conjugate and enzyme substrate and 
chromogen if the label is biotin) , and the appropriate buffers 

30 for reverse transcription, PCR, or hybridization reactions. 

Usually, the kit also contains instructions for carrying out 
the methods. 

EXAMPLES 

35 As noted above, the sequences in Table 1 were isolated 

from B. napus and B. oleracea using oligonucleotide primers 
designed from expressed DNA sequences from Arajbidopsis 
thaliana, a relative of Brassica napus and member of the 
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Cruciferae family. Primers used to amplify B. napus and B. 
oleracea alleles were selected for an optimal length of 20 
bases + 2 based such that their melting temperatures were 
between 60° c anc * 65°C. Primers were synthesized on a 20 nmole 
5 ..scale using a high throughput DNA synthesizer capable of 

producing 96 primers simultaneously in a 96-well format. See 
Lashkari et al., Proc. Nat. Acad. Sci. 92, 7912-7915 (1995). 
The primers, which have an average length of 21 bases, were 
positioned within DNA sequences such that PCR products 

10 produced with cDNA templates would range between 100 and 450 
bp. As introns in Arabidopsis genes are of modest size, 60% 
of the 1,920 primers tested on plant DNA gave PCR products. 

The components needed for PCR amplification were mixed 
in the following proportions for a 96 well microamp tray 

15 assembly: 206:1 of 10X PCR reaction buffer, 206:1 of 2 mM 

dNTPs, 186:1 of 15 mM MgCl 2 , 720:1 of sterile ddH 2 0 and, 20:1 
of Taq DNA polymerase (Perkin Elmer) . The enzyme was added 
just prior to dispensing 168:1 of this master mix into 8 
tubes. 20:1 of the appropriate forward and reverse primer 10 

20 pmol/1 stock solutions was added to each tube. A volume of 
14:1 of this mixture was dispensed into each well of the 
microamp assembly with a BioHit 8 -channel pipette. A volume 
of 5:1 of 20 ng/1 template DNA solutions was added to the 
microamp assembly with a 12 -channel pipette. The assembly was 

25 centrifuged for 30 sec to ensure that all reagents were mixed. 
Amplifications were performed in a Perkin Elmer system 9600 
thermal cycler with an initial denaturation at 95 °q f or i m ± n 

followed by 40 cycles of 94°C for 30 sec, 55°C for 30 sec, 
72°C for 30 sec and a final extension at 72°C for 5 min. 

30 Products were separated by electrophoresis at 120 volts for 1 
hr through 2% (w/v) agarose gels prestained with ethidium 
bromide. The banding patterns of these gels were recorded 
with an Alpha Innotech gel documentation system. 

Any two amplicons obtained from the same primer set 

35 with two different plant varieties are said to be homomorphic 
if they have the same size. A set of 355 homomorphic Brassica 
napus and 250 homomorphic Brassica oleracae fragments were 
purified with Quiaguick columns and sequenced using dye 
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labeled dideoxy- terminators*. See Stryer, Biochemistry 2nd. 
ed., pp. 592-593 (1981). The same primers used for the PCR 
amplification of the homomorphic DNA fragments were also used 
for the DNA sequencing of these fragments. The sequences 
5 - obtained were aligned to identify single nucleotide 
polymorphisms . 

Using VLSIPS™ technology (US 5,143,854; WO 90/15070; 
WO 92/10092) , GeneChipJ was constructed using 20mer-probe sets 
to identify by hybridization the presence or absence of many 

10 of the polymorphisms shown in Table 1 in a sample of plant 
nucleic acid. The tiling strategy used to create the 
GeneChipJ is set forth in Figure 1. Tiling strategies can be 
devised using the guidance provided herein by those skilled in 
the art. Tiling arrays are described in PCT/US94/12305 

15 (incorporated by reference in its entirety for all purposes) . 
ATiling® generally means the synthesis of a defined set of 
oligonucleotide probes that is made up of a sequence 
complementary to the sequence to be analyzed (the target 
sequence), as well as preselected variations of that sequence. 

20 The variations usually include substitution at one or more 
base positions with one or more nucleotides. Tiling 
strategies are discussed in Published PCT Application No. WO 
95/11995 (incorporated by reference in its entirety for all 
purposes) . In general, with a tiled array containing 4L 

25 probes one can query every position in a nucleotide containing 
L number of bases. A 4L tiled array, for example, contains L 
number of sets of 4 probes, i.e. 4L probes. Each set of 4 
probes contains the perfect complement to a portion of the 
target sequence with a single substitution for each nucleotide 

30 at the same position in the probe. See also Chee, M. , et. 
al., Science, October, 1996. 

The tiling strategy for 2 0mer probes shown in Figure 1 
for a single allele of the polymorphism employed probe sets 
having a perfect match and a corresponding single-base 

35 mismatch at the tenth base in the probe, counting from the 3= 
end. Each set had 14 pairs of probes that began at 14 
successively shifted positions such that the substituted base 
lay from 7 bases upstream to 6 bases downstream from the 
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polymorphic site. Two such sets of 28 probes were included to 
query the polymorphic site for the two alleles, as shown for 
example, in Figure 1. This collection of 56 probes 
constituted a detection block. Two such blocks per marker 
were synthesized to query both the forward and reverse 
strands. Thus each marker interrogated by the GeneChipJ was 
represented by a full set of 112 probes. 

All publications and patent applications cited above 
are incorporated by reference in their entirety for all 
purposes to the same extent as if each individual publication 
or patent application were specifically and individually 
indicated to be so incorporated by reference. Although the 
present invention has been described in some detail by way of 
illustration and example for purposes of clarity and 
understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the 
appended claims. 
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gftASSICA POLYMORPHIC MARKERS 


NUMBER 

XMIN 

YMIN 

MARKER_NAME 

SEOUENCE 

' 1 

0 

3 

85/5B5/86-1 

AGCAAGCTTACATGCGTGGA [GT/AA] GAGAGTCCTCGAGATCAACC 

2 

33 . 

3 

85/5B12/N3-1 

CCTTGATCTCTCAAGTAATC [A/G] TCTCACCGGAAGATCCCTGA 

3 

66 

3 

85/5C3/B6-2 

ACCATCCATTAAACTGTATC (A/G ) TCGCAATCTAACCAAAAGTT 

4 

99 

3 

85/5E1/86-1 

TAAAGCAAAGAGAGTCTTAC (C/A) GTCTGCTGCATGATATACCC 

5 

132 

3 

85/5E1/B6-2 

CTACTGATAGTGAACCACCC | A / C } ATCCCCAAATTTAAAGCAAA 

6 

165 

3 

85/6AU/86 

ATCCTATTGGTAGTAACACA ( G / A ] ATTGAGTTAATGTTGCAGGG 

7 

198 

3 

N1/6A11/N2 

AGGCAAAGCGGTAGTTGCAA f G / A ] ACTGCTTCTCACGAGGTAAT 

8 

231 

3 

N1/6A9/N2-1 

CCAGCTTCAATGTCTCCATC [C/A] TTGTGTCGATGCCAAAGTTC 

9 

0 

11 

N1/6A9/N2-2 

AAAGTTCATTACGATGATCT [A/G 1 ACCCTGCAGTCATCCATGGA 

10 

33 

11 

85/6A12/86 

CTTCCCCCCCTCAATACCTC [ T / G 1 TTCAAAAGTG AAAAGTGCAG 

11 

66 

11 

N1/6D1/N2-1 

ATTTTGTTTTGTTTCTTGTC ( G / C ) GGTC AGGTC AGAACAAAGTT 

12 

99 

11 

N1/6H5/N2 

AAACCAGAGCCACCTCCTTA ( C / ) CCACCTCATCGTTTCCTTTC 

13 

132 

11 

86/6F11/N2-2 

GATTTCGACCGCAGTCTCAC (G/T) GAGGATGAGTATATCGCTTT 

14 

165 

11 

N1/6F11/N2 

TAGGACAGGCAAACAATCTA [ C / A 1 GCGGTCAAAATCCGATTTCG 

15 

198 

11 

L4/8A2/L6-2 

AGCAGTGCAACAGCTCCTGC I A / T ] AAGTCCCTGACGTACGAGGA 

16 

231 

11 

N1/8B5/N2 

ACTCAAAAAAACGATACCTC IG/C) GCCGTCTCTCGCCGTCTCCC 

17 

0 

19 

N1/8D4/N2-1 

CAGGAGACAGTTACAGTCCC [ /A] CAGAGTCGCAAGGATCTCGAA 

16 

33 

19 

85/8D4/86-2 

CTGATCTTGAAGGAGAGACC [A/G ) CCACAAGGTTCCATCCTATG 

19 

66 

19 

85/8H11/86 

AOTGCgAGG CTCAGTTGGAT [G/T) ATTAGGGTGTCAGTAAATCA 

20 

99 

19 

85/10B8/86 

NACGTCCATGATGATGAC AA [ T / A ) AAAGGTATTCCACATGTCAA 

21 

132 

19 

N2/10B8/N3-2 

ACATCCAACTTTTCTCCAGT [T/C ) CTTTATTCTATCCTGATTTG 

22 

165 

19 

N2/10B8/N3-1 

AAGGTATTCCATTGGTATAC t A/C ) TCCAACTTTTCTCCAG1 TCT 

23 

24 ~ 

19B 

19 

85/10B9/66 

GACCTTCTTGGGAAAGAAAG I T/C ) TGTAACCGCGTCGAGATTCG ! 

231 

19 

L5/10C8/N2 

ATAGAAACCGCCGATGCTCA I G /A 1 GGACACGCCACCGTCTTCCT 

25 

! o 

27 

L6/10C8/N2 

CACTTTCTTCGTGGCTAAAT IG/T) CTTCGGCCGAGCCGGTCTCA 

26 

33 

27 

L6/10D2/N1 

GTTATCATCAGTACCGGTAT (C/T] AACCCCAAGGCTAATTCTTA 

27 

66 

27 

65/10D2/L6 

TTGGGTATCTACGCACTGAT [C/T] ATCGCTGTTATCATCAGTAC 

26 

99 

27 

N1/10E12/N2-1 

GGAATTCAATACTCGCCAAC fG / T 1 TCTTCATTGCTGTCGTCGGC 

29 

132 

27 

N1/10E12/N2-2 

TCCTTACGCCTTCAAGCGCA f C/G ) CGGCTGGCTCATGGGTGTCC 

30 

165 

27 

N1/10F4 /N2 

TGTATCTATGCGGTGGCTGC ( G/C ) GTCTCCGTTCGCGCCAGTAC 

31 

198 

27 

L1/10F4/N2* 

GCGCCAGTACCGCCGGTTAC [ C / A 1 ATCTcACTGCCTTCACGTCC 1 

32 

231 

27 

85/10F4/N2* 

GCGCCAGTACCGCCGGTTAC (G/Al ATCTTAATGCCTTCACGTTC 

33 

0 

35 

B5/10F9/N1-2 

AACTTGGAATTCCACAACTT [G/C] AGAAACTTCGATGTGGTGCC 

34 

33 

35 

B5/10F9/86 

CGGTACTGCGAAAGCTGGAG IC/O) ATCAACTTGGAATTCCACAA 

35 

66 

35 

86/10F12/L3 

AAAAGTGCTATTGTTCAGGT fG/Cl GATGCTGCTCCGTTCAAGCA 

36 

99 

35 

85/10H6/86 

GTCAAAAGCCACGGATTCAA (G/A) AACGTGCTCTTCTTGCGCCT 

37 

132* 

35 

L1/10H6/L6 

GCGGTGGMACAGGCGCTCA (G/T) TTTCTCGTCAAAAGCCACCG ! 

36 

165 

35 

85/10F12/86 1 AAACCAGGGTCCTTGATGTG ( T / ] GTCTACAACGCTTCCAACAA 

39 

198 

35 

85/11B7/86 

AANACCCTGAGCTCATGCCT [C/T] TG ACCCATGTTCTTGCCACC 

40 

231 

35 

85/11C4/86 

TTTGGGACCGTTGGAGTTGC | A/G] TCTGCGGCTATGACGGTGGA 

41 

0 

43 

85/11D4/86-2 

AATCTTTGCCATTGCTGTCA [A/G] TATCTTCGTCAGCTTCACCT 

42 

33 

43 

L4/11A3/L1 

TTGAAGGAGGTTGGTACACA [C/G] TTCTTCGAGCTACCGGAGAC 

43 

66 

43 

N2/11D11/N3 

GACAACGCTGGTGGTATTGC [ C /T ] GAAATGGCTGGAATGAGCCA 

44 

99 

43 

86/11D11/N3 

GCTGCTCTAGGGATGCTCAG f C /T 1 ACCATCGCCACCCGTTTGGC 
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45 

132 

43 I85/11D11/B6 [ 

ATGCTCAGCACCATCGCCAC [ T /C ] GGTTTaGCGATTGATGCTTA 


X w •> 

A 1 

4 J 

/ XltJ / Wad | 

GAGAAAGTGCTTGTGGAGAT (C/T) TACAaGTCCATACTGATCGC 


198 

A 1 
4 J 

DO/ XlLJrnftd 1 

AATGCTTGTGGAG AT tTACA (G/A) GTCCATACTGATGGCGCAGG 

48 

231 

A 

CO/ liU / M«C 

AATCCTTGTGGAGATCTACA (G/A) GTCCATACTGATGGCGCAGG 

49 

0 

C1 
D X 


AATG ATTGGTTTGAGAAGCA f T/A) ACAGCTGGTACG CTTGATAT 

50 

33 

m 

3 X 

S5/11F7/B6 

GATAGGGCGAAGAGAGGGAA f G / A ] AGTCCTGAGAGGAAAGAGAT 

51 

66 

«*i 

D± 


CTCTCTCTCCACAAAGACAC f A/C ) GCTTTCTCCATGACCTTCGG 

52 

99 

Dl 

85/11H5/86-2 

TCTCTGACGTCATGAAAGCT ( C / A) ATGGCAAAATTGCTGATGGA 

53 

132 

C 1 

85/llH6/86-la 

GTTATCGATCGCGTGGTCCG ( T / C ) GAAACCCAAAATaCACCTTT 

54 

165 

K 1 

85/llH6/86-lb 

GTTATCGATCGCGTGGTCCG I T/C ) GAAACCCAAAATtCACCTTT 

55 

196 

C 1 

b i. 

85/12B6/N3 

CGTCAGCCTTCTTCCGCCGC [ A/C ) GTCGTCCTCCGCAACCGTGC 

56 

231 

51 

86/12B6/85& 

TGTCTCTTCCGTCAGCCTTC (C/T) TCCGCCGCAGTCGTCCTCCG 

57 

0 

59 

86/12B6/65b 

TOTCTCTTCCGTCAGCCTTC [ C /T ) TCCGCCGCcGTCGTCCTCCG 

58 

33 

59 

86/12B11/85 

TCAGGTTTACCTCTATATAT [7/ ) ATATTTCATGGTATGAAGGT 

59 1 66 

59 

nl/12Bll/N2-2 

TATCCTGCAAATTGACATTT fT/C) CCTTCAGGTTCTAGAAGCTG 

60 

99 

59 

85/12C2/86 

CGAGAACAGAAGAGAAGAGA r C / ) TGGAACACGTCGGACAGTAC 

61 

132 

59 

L3/12C7/L5 

TGNCACAACGAAGGTTTTGG [ C /T } GGAGCTAAATGCCGTGGGTT 

62 

165 

59 

L6/12C11/N2 

ACCGGTCCTAGCGCCATGGC I C/T) ATTTTCCTCACCGTTTCTGG 

63 

198 

59 

N1/12D10/L6 

TTGGGCTTTCGGTGGTATGAf T / ] CTTCGTCCTCCTCTATTGCA 

CA 
04 

231 

59 

L2/12E10/L3 1 CACAAAGGTCTGCCTCACAA (G/TJ TTCTACCACGGTCGTACTGG 

65 

0 

67 1 

85 /12F4 /86-1 ITCCTTGATTCCTTAATAATC 1 A/T1 TTGGCTGGGGGTCTTTCTAA 

66 

33 

67 

LI /12G5 /Nl IGCTTGAATAACGATGTCTAC I A/T ) CTGCCTCCGCGTACCGCGGA 

67 

66 

67 

85/12G8/L1 • 1 CTAAAAAGATCGACGAGTGT f C /T ) CCTTACTACGCTCCATCTAT 

66 

99 1 67 

L6/12G9/NW 

AGGTGGGTTTAGCGTGGCAT (T/C) CG ATCCATTGGATGGATCCA 

69 

132 t 67 

85/1209 /L3* 

NGTGGGTTTACCGTATCATT (T/C) GATCCATTGOATGGATCOAG 

70 

165 1 67 

L3/12B11/N2-1 

GCGGATCCTATATTGGGTCT (C/T) GATGGATTGTTTCTATCCCG 

71 

198 1 67 

L2/12B11/N2-2 1 TATCCTGCAAATTGACATTT fT/C] CCTTCAGGTTCTAGAAGCTG 

72 

231 1 67 

Nl / 1 2 El 0 / M 1 TACCACGGTCGTACTGGTCG f A / 3 TGTCTGGAACGTCACCAAGC 

73 

0 | 75 

Nl / 13 A3 /K2a 1 CTGTCTCAgTTTGTTCGATC fC/G] AAATCgAATCGAAAGCGTAC 

74 

33 1 75 

Nl / 1 3 A3 /N2 b 1 CTGTCTCAoTTTGTTGGATC 1 C / G ) AAATCaAATCGAAAGCGTAC 

75 

66 1 75 

L2 / 1 3 E8 /N2 1 ACACTGTTGGAGGACGTGAA ( T/G ) AAGATATTCAAGACAACATC 

76 . 

99 

75 INI /13F6 /N2 -2 tTCTTTCGTATCTTGCTGAGT f C /T) GTTACGCCTGTCAACACCCG 

77 

132 

75 

L2 /13F8/N2 -1 IGOAACCCTAGGGAGCCCACA [T/G ) CTCCTTATGCTAAGCGGCGT 

76 

165 

75 

L3 / 1 3 F8 /N2 1 GATCATAGTATCCGCCGGAA [G/C) CCTAGGG AGCCCAC AGCTCC 

79 

198 

75 

85 /14B5/86 iTTCGGCGGGTCCATCCGGGC [ A/G)GAAGACATTGTCACCTGANN 

60 

231 

75 

Nl / 14C2 /N2 • 1 GCACCAACATTGTAAACCTA I T /G) AGCTTCTTCCTCAGCCACCT 

61 

0 

83 

85/14 C2/86-l» i GCTGCCACATAGTGAACCTA [ T / A ) AGCTTCTTCCTCAGCCACCT 

82 

33 

83 

N2/14C2/85-2* i GCACCAACATTGTGAACCTA ( G / A 1 AGCTTCTTCCTCAGCCACCT 

83 

66 

83 

85/14C2/86-2 1 AGTACATAGCTATTGACTAA [C/G] TTAACTTCCTTGTATTGTTG 

84 

99 

83 

N2 /14C2 /85 - 1 ICCTCTATCCGCCATGGTTGC 1 A/T) CCAACATTGTGAACCTAGAG 

85 

132 

83 

8 5 / 1 4E2 / 8 6 - 2 1 TTG ACCCTCGGC AACCCACC fG/T) GTC AAGCCATGCTG CAGCCT 

86 

165 

1 83 

B5/14E2/86-1 1 AGGCTGCCCTCTCCCAATTC (A/C) AAAGCCAACTCCTAAACCAA 

87 

196 

83 I85/14E8/86 1 AAACATGGAAAGGCCTGATA ( /G ] TCACCGTCAAGCTCACCGTC 

88 

231 

63 

1 8 5 / 1 4E12 / 8 6 1 CAACCTGAAAAATTGTTTTA f C / A ] CAACGCCCCCGCTTTCTCCA 

89 

0 1 91 

L1/14H10/B6 

AAGGCCAACAACGACATTAC ( T /C ) TCCATCGTTAGCAACGGAGG 

90 

33 I 91 

B5/14H10/B6 

TCACCGGCTTGAAGTCTTCC (G/T) CTGCATTCCCAGTCACCCGC 
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91 

66 

91 

85/15A6/86 


ACTCAGCTTTCTTATGCCTC 1G/ 1 ACTTGCGACACACGAATCCA 

92 

99 

91 

B5/15C4/86 


TGCGGCTAACATCTCTGGTG (G/Tl TCACCTTAACCCAGCCGTAN 

93 

132 

91 

I85/15E5/86-1 


CGAGGATCACTTCTCTCTGT (G/T) CAAGAAGAAGTTCGGcAAGG 

94 

165 

91 

N1/15E5/N2-1 

1 

CTGTtCAAGAAGAAGTTCGG \C/T) AAGGTCTACGCTTCCCGCGA 

95 

198 

91 

IN1/15E5/N2-2 


CCCTCTGCTCGTCACGGCGT I T / A 1 ACGCAGTTCTCGGATCTGAC 

96 

231 

91 

B6/15E5/N2 

CCCGCGAGGAGCACGACTAC ( A / T ] GATTCTCCGTTTTC AAATCC 

97 

0 

99 

L1/15E9/86* 

TCCACTCGCCGGGAAGAAAC f A/T) CGACAAACCGTTGTCTACTT 

9B 

33 

99 

N2/15E9/L1 

ATGGCTCGCGACGGGTCTCC ( G /T ] GTAAACCTCGGAGAGCAGAT 

99 

66 

99 

N2/15E9/B6 

GCCGACTCTCGAAGCTTCTT [ A/ ) ACTCCACTCGCCGGGAAGAA 

100 

99 

99 

85/15E9/86-1 

GAATCTAGGAGAGCAGATCT tT/G J CCTCTCTATCTTCAATGTTC 

101 

132 

99 

85/15E9/86-2* 

j TCCACTCGCCGGGAAGAAAC fC/TJ CGACAAACCGTTGTCTACAT 

102 

165 

99 

N1/1SE9/N2-1 


CTCATGAAGATATTCACTAC [ A/G] CCGACTCTCGAAGCTTCTTA 

103 

198 

99 

85/15F1/86 


GCAGGTAAAATTCTACAGAC I C / A ] TTCCCTTTTCATTGTAGTTA 

104 

231 

99 

85/15F5/86 


TCTCCTCCGCCGCGCAAGAA fG/A) AAATCGACAGCGGCGCGTCT 

105 

0 

107 

85/15F10/86 


GTGCCCTAAAGATACCCTCA ( A/G ) GCTTGGTGTCTGCGCTAATC 

106 

33 

107 

IN2/1SG1/L3 


TTCTTCCCACAGGTGAAACT TT/C ] GCTAACTTCCTTCCAAAGTA 

107 

66 

107 

IN1/15H7/N2 


TATGTATCAGGACAATGTGT ( GA/TT ] GTGACTGTGGTTCCATCCAT 

108 

99 

107 IN1/16A1/N2-1 

1 GCTAAGCTACGC AACTGCCA fC/T) CAATCAGGGCAACCTAAAGG 

109 

132 

107 

85/16A5/86 

ITATACACTCTTTAAAAGCGT f G / C 1 TGTGTGTACCCATCTCTCTT 

110 

165 

107 

N1/16B6/N2 


ATGGCTGCGTATTGGCTGTC (C/T] AACGCTGGATCTTGGTCCCA 

111 

198 

107 

I85/16B6/M 


GGATCCATCTCAACTATGGT t A/C1 GTATTATCGTTGAGGCTAGG 

112 

231 

107 iB5/16B7/86 


GTATGTGATTCGGAAGAGAA fT/1 CAAACTAAGTGCCGAGAAAG 

113 

0 

115 

N1/16D6/N2 

1 GCTAAGGTAGTTGGAGGAGC f CAA / GTG 1 CCACAGCCACGCGACTAAGG 

114 

33 

115 

85/16D10/86 


CTCAACGTACCAAGTAATAA [T/G] ATACTGTCTATTTATGGTTA 1 

115 

66 

115 

N1/16E9/N2 


AGACTTTCCCCATTCTCTTC fT/A) CCATCCACCGTCGAAACCCA 

116 

99 

115 

85/16H3/B6-1 


ACTTCGAAACTGTAAACCTA f A/T ] ACTTTAAGACTTTAGAGCTA 

117 

132 

115 

B5/16H3/86-2 


CACCATCGGAGAAAGAGGTA fC/Tl TTCGAAACTGTAAACCTAAA ! 

118 

165 

115 IBS/17A5/86 


CTAAGGCGTCTC CTGAAGAA f A/G ] TACAGAGAGTCGAAGAAGAT 

119 

198 

115 IB5/17C7/B6 

1 CCGCGGACGACGCTTTCTTC FC/A1 TCTGCTCCACCGCGAGCGCC 

120 

231 

115 IB5/17F7/86 


GAGGAGTAGTCTCCATGGCC 1 G / 1 AAGAAGAGCGTCGGAGACCTG 

121 

0 

123 I85/17G12/B6 

i GAAGTTAGGGCTTCTAAGAT f C /T 1AAGTTCGGCAAGGCTTTAAC 

122 

33 

1123 

85/1BA2/86 

1 TCAAAACTAATATTTCTTTT ( G / C ) TTGATTGGTAATAAACAGGT I 

123 

66 

123 

85/1BA11/B6 

! TTCCAGTGAAAAGGCATTGT f T/G1 CTCCAAAATCTCGCTCTGCG " 

124 

99 

123 

85/1BF5/86 

I 

AAGCAGCTCTGACTTGAATG ( C / A 1 GAGAGGTTAATCAGACTGTG 

125 

132 

123 

BS/18H10/B6-3 


TAGATTGAAGCAATCAAGAA fG/A) ATCTCAOACTTCATCACCCA ■ 

126 

165 

123 

B5/19B3/86 

I 

GCATCCAACTCCAAGGATGA f /C ) CCTGCCAAGGTGCTGCTAACT 

127 

198 

123 

B5/19C8/86 

I 

GAGCTCAGGGATGGTGGATC f A/T] GACTACCTTCGAAAGGGTCT 

128 

231 

123 

N1/19F4/N2 

I TGGGGTTAGTCGAAATAGGT f A / T ) AAATGCTTTGAGTATGTGTA 

129 

0 

131 

N1/19H1/N2 

I TACGCGC AGCACGG ACTTG C f G / A ] ACGCAAGCAATCGAGCTTTT 

130 

33 

131 

85/20B4/86-1 

I GAAGCCCATGGTACGGAGCG fG/A) GAGAGAGTCAAGTACTTGGG 

131 

66 

-Hi- 

N1/20B12/N2 

I 

AACGGGTCACTGCTAAATCA [ T / A ) AAGGATC ACAAGGCTGGGAC 

132 

99 

in" 

85/20C12/86 

I 

CTAGCCTACTTTGGGAAAAG f /Tl TTCGTTATTGTTTTGTGTCG 

133 

132 

131 

85/20D2/86 

IGACTTCAAGGACTTCGCCGG f A/C ] AAATGCTCCGACGCTGTCAA 

134 

165 1 

131 

85/20D3/86-2 

I 

GAGGAGGGCTACATGCAGCT fG/A) AAGAGGCTGAGGGGGCTAAA 

135 

198 1 

131 

85/20D6/86-4 

1 

GATGTTCAACCTATGAAGAA (G/C) AAACACCGAGGACCAACGAG 

136 

231 

131 I85/20D6/86-5 


CCATTAGTGAGGGAGCATGT fT/A] CCTGTCACATTTGATGATTG 
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137 

0 1 

139 

85/2QD6/B6-8 

AAACACATCGCCAAAGATCC [ CG/AA J ACACTCGAGAAAGAGTGOAG 

136 

33 1 

139 IN1/20D8/N2 

CTCATAGGCGATCTGGAGTA f T/Gl GCAAATCGAATCTCCTCTCC 

13 9 

66 1 

139 

N1/20E1/N2 

TGCACGCCTCACTTGTTCCT IT/A1 CCAATCTGACATCAAGGATT 

140 1 

99 1 

139 IN1/20F1/N2-1 

NCTCTTTTTGAGGTGAAACC fA/T] ACAAATGCAGATACCTTTTT 

141 

132 

139 

Nl/BoC-a2/N3-2 

CCCGAGCCATTAGGACAAGA fT/C) GACTTGCCGTTTCACCAAAC 

142 

165 

139 

N1/BOC-A2/N3-1 

CCCATCTCATCCTTTCTTGA fA/Gl CCGTTGAATCAAGCTCCTCG 

143 

198 

139 

Nl/BoC-a2/N3-3 

TACATTCTCATTGGTTGGTT fC/A] TTGGGAAATAAAGTACCAAC 

144 

231 

139 

B6/SC3/L2 

GCACGCGCTAGAGTTGTTGC f C / A ) AGAACGAATGAACAATCTCA 

145 

0 

147 

N3/SC3/N4-1 

CTTGAGACCTATAGTCCTGT ( A/T) GTTCGGTCCGCCACAGTTCG 

146 

33 

147 

N3/SC3/N5-1 

CACAGTTCGTACAGTTCTTC f A/C] CATTCCCACTGTTATGCACT 

147 

66 

147 

N1/SC3/N3-1 

GAAGGCGTCCACTATCTTGA fA/Gl ACCTATAGTCCTGTTGTTCG 

148 

99 

147 

B6/SC3 /N4-1 

TCCCGCAAATCTTGCTGAAA [A/Cl CCTTTACCTGCCACAACCAG 

149 

132 

147 

L3/B11/N5-1 

ATGTCTTCAAAGTGCTCTGT [ C /T] GCAACGCACGTCCGAACAAG 



1 


MAIZE^POLYMORFHIC MARKERS 


NUMBER 1 XM1N 1 YMIN ImARXEKJ*AME 

SEOUENCE 


A D -> 

147 

S71/a2/g6-i 

ATAATACTTGATATGCCATT [ G/T] TGTCCTCTTATTTTTAACAT 

151 

19 B 

147 

S67/G1/G3-3 

GTACCTCCCGCCGCTGTCGA f CG/AC ) GGACGACCTGCTGAAGCAGG 

152 

231 

147 

S67/01/35-1 

ATGGCCTCGTCCGCCACTGC [ A/Cl GTCCCTCCGTTCCATGGGCT 

153 

0 

155 

S66/G1/G3-1 

AATGTAATCGTACTCCGCGC [ T/C ) ATGGCTCTGGTACTTAGGAA 

154 

33 

155 

s65/g3/96-2 

ACCACTGACGTAGCACCTCC [G/T] ACTTCTCGTTGTAAAACCCC 

155 

66 

155 

S65/G3 /G5-1 

GGAGGTTCGCCTCATGTTAT [C/T1 GTTGACGAGCCACATCCACT 

156 

99 

155 

S64/Gl/g3-l 

CTGGTTGAAATGTGTTOAAG f C/A) TACTAGTGATGAACTGCTTG 

157 

132 

155 

Is63/g3/g6-l 

TCTGTGATTGGAGTCTGCTC [ G / A 1 CGTGTCAGCTCTGGATGTGA 

158 

165 

155 

S63/G4/G6-1 

TACTGAGAGAATGCAACATC f C/Gl AGCATTCTGTGATTGGAGTC 

159 

198 

155 

S57/G1/G2-4 

GAAGCCAAATCCTATTATTT fT/C] CTGCCTCTAGGGTCTGAATC 

160 

231 

155 

S56/G4/G6-2 

GCCTTATCATCCTCTAGGTA t T/A) TGGAGACGAGTGACCAGTCT 

161 

0 

163 

S56/G4/G6-1 

GTACACTGTTACAATCACAC rT/G) TAGTGAAGCCCAACACAGAT 

162 

33 

163 

S53/G5/G6-5 

GAGCGAGATCGATCCTGTTG fT/C ) CATCCATCACTGCCATAGGA 

163 

66 

163 

S53/G4/G6-1 

TAGTCATAGCAACAGCATGC [G/A] TCGTGATGTAGCGTTCACCC 

164 

99 

163 

S53/G1/G6-2 

GAACAGAGTCCGCAATAGTT [T/C] ATCCTAATCCTACTTCGAGC 

165 

132 

163 

S53/G3/G5-1 

CCCACGGCGGCAGATGGTGG IT/} TAGAAGCGGAACCACCGAGC 

166 

165 

163 

S49/G4/G5-1 

CGGTGACCCGATGATTATGG fT/C ) GGCGGCCACACCTGCAATGA 

167 

198 

163 

S49/G5/G1-2 

CAAGCAAGCAAGCTGTCTGT fC/T) CGTATGTGTCTGGCATGTTA 

168 

231 

163 

S49/G2/G6-1 

TGCTGCTCCACTTGCTCATC \G/C) TTACTG ATTTGCTGAAATGT 

169 

ol 

171 

549/G6/G1-3 

TTTGCGCGCAATAAATCAGA f A/G) AGCTG ATCTGAATCTGACCC 

170 

33 

171 

S49/G3/G6-1 

CCACCCCCTTCCAGTGCTGT I / T ) GCTGCTCCACTTGCTCATCG 

171 

66 

171 

S48/G3/G6-1 

GATTCAGAAACAGTGGCGGC f A /G ) GATGTAGCATCAACACGCCC 

172 

99 

171 

S47/C1/G3-4 } CTCCTCGTGGTACTGACGAT fG/CJ ATTGCATCCGTGCCACAGGC 

173 

132 

171 

S47/G1/G3-3 1 

GGAATACTCGATAGGCTCCC f A/G ] CTGTGGGTAACAGTATTCCT 

174 

165 

171 

S46/G1/G2-1 

TTCGGTGTCACTGACCTGTA [ G / A 1 CATCAGCAGTAGCAGCGCCC 

175 

198 

171 

S45/G4/G6-1 1 

TCCGCGGAAACAACATCCGA FG/T3 TTCTTGAGG ATAAC C CAGCT 

176 

231 

171 

S45/G5/G6-1 lATGAGTATATTCAAGTCATA fT/C] TGTGAACTAGAATGTTATTT 

177 

0 

179 

S44/G5/G6-: 

GCTGCGTCAATCATCACTTC IT/k) CCCACAGGCGTCAAGTACAG 

178 

33 

179 

S44/G1/G6-1 

GCGTCAAGTACAGATACGCA f A/G ) CACGCCTCAGCTTCGCCTTG 

179 

66 

179 IS43/G2/G6-2 

CTTGATTGCATTGCAGCTAC fA/Gl AGAAGCCCGTGGAAGGCCGG 
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180 

99 

179 

S43 /G2/G6-1 IGCTGGTTCATTATCTGACCT [G/T] GATTGCATTGCAGCTACAAG 

161 

132 

179 

S43 /G2 /G3-1 ICTGGTGGTGGTGCTTCTCTG (AAAC/1 TGAAACTGAAACTGACTGCA 

162 

165 

179 

S43 /G1/G6-1 iTGAATGGTAACCCACAACTG IC/T1TCGCGTCCTGCTGGTTCATT 

183 i 198 

179 t 

S 4 3 /G2 /G4 - 1 1 TGCATGTGAACATTCATGAA IT/C) GGTAACCCACAACTCTTCGC 

184 1 231 

1 7 9 i S 4 3 / G2 /G5 - 1 1 TACCCGGAGCTGAACCTCCC IC/G1 GAGACATTCAAGTCGTCCTT 

185 ! 0 

187 IS43/C1/GS-1 IGCCGACAGGGTCCTCACCCTIC/CIACCCCCTACTACCCCCAAGA 

166 

33 

187 IS42/G5/G7-2 1 TCGCTGTCAGGGAGGGCGTC f T / G ] TGCAGCTCGGCTCCATGAAA i 

167 

66 

1 8 7 1 S4 2 / C2 /G3 - 1 1 CTGCACTCCGATTGAGGGTC (C/Gl GAAGCAGGGCAGCGCGTGTC 

188 

99 

187 

S42/G2/G7-la lGTTCTCTGCACTCCGATTGA(G/A)GGTCcGAAGCAGGGCAGCGC 

1B9 

132 

187 

S4 2 /G2 / G7 - 1 b 1 CTTCTCTGCACTCCGATTGA [ G / A ) GGTCqGAAGCAGGCCACCGC 

190 

165 

187 

S41 /G3 /Gl-1 IcGCCAGATGAACCAGCTCAC tTA/AGT ] ATCCTGCAAGAGATATCCCT 

191 

198 

187 

S41/G2/G5-1 

GATAGCCACATAGAACCTAT [G/T ) CCTCCAGCTAACAACACGAG 

192 

231 

187 

S40/G4/G2-1 

AAGTACATGACACCTCCGGA (G/A] ATACGGCCAAGAATCCCGCA 

193 

0 

195 

S40/G1/G4-2 

GGAGCTTAACGATACCAATC [GA/CG] AAATTCCCTCGCCGGGCAC 

194 

33 

195 

538/C5/G7-2 

ATAATGATGGAACCATGACT [G/A] CCGAAGATGAACCAACCTTG 

195 

66 

195 

S38/G5/G7-I 

GAGATATATGGTACTTCTAG f G / T ] AG ATTC AAAG AC ATGGAGC A 

196 

99 

195 

S37/G6/G2-1 

GGTCAATAAGATAACTACAC ( C / A 1 AAACTCTGCGTACAGTCTCC 

197 

132 

195 

S37/G2/G3-2 

TGCAGGCGGCAGCCGAAGCG t / A) ATCGAAGGCCTCACCGGTCT 

198 

165 

195 

S37/G4/G5-1 

ATCGATGGACAAGGGAGGGT (A/G] ATCTCGGGGTGTGCCAGACG 

199 

198 

195. 

S37/G1/G6-3 

CAAT ACG ATCAGCCAGACAG f C / T 1 C ACTGTGCAACATCAGCAAA 

200 

231 

195 

S37/G1/G6-2 

AATTCAGCTCAAATCATAGG f T/G) CAATAAGATAACTACACCAA 

201 

0 

203 

S37/G2/G4-4 

OTCTCCCGGATCCAGAATCC |C/T) ACCGCGTTACATCGCCTTTC 

202 

33 

203 

S3 6/G3/G6 

TCACTTTTTAGTGGTGTTTA [C/G] ACTAAGGATCCTG ACATTCT 

203 

66 

203 

S35/G2/G3-2 

GCTCGAACTTCTAGTTGATT t A/G ) CATGATTGCTATTACTCTTG 

204 

99 

203 

S35/G3/G6-1 

TCTGAGATACATTCATTTAA (C/A) ATGTCAGATAAAGAAAACTC 

205 

132 

203 

S35/G4/G5-1 

GGTTCGCACCATATCATGAT [C/T] GGAATGCCGCCTCAAAATGG 

206 

165 

203 IS34/G3/G5-2 \ GATTT TdT AGGTTGATGCAT f C /T 1 GTTTGATLTTTCTTATCTCC 

207 

198 

203 IS34/G2/G5-1 i TGTAGGACTTGGAGAGCTTG ( A / G ) TAATTTACACATGCCTCTGT 

206 

231 

203 Is33/G4R/G6» 1 GGCAGACAACAGACAGATCA f AG / CA ] CATGCTTGCATTTACTCTCA 

209 

0 

211 |s33/G4r/G2» i GGCAGACAACAGACAGATCA f A/C] gCATGCTTGCATTTACTCTCA 

210 

33 

211 ls33/G5/G6-2 

ITCAAAGTGGTGCAATCGCAA (T/C] CCACTTGGGCTTGCCGTGGT 

211 

66 

211 IS33/G2R/G3-1 

ACGCATGCTTGCATTTACTC [C/T] CAGTCAAACTCACTCCCGAA 

! 212 

99 

211 I932/G3/G5-2 

QAATCCACCATTCTTCCGAA [A/G ] CTGCTTCCTACAAAACTCGA 

213 

132 

211 IS32/C3/G5-2 

ATCAATTGAAGCTCTGAATA [C/T) AGAATCCACCATTCTTCCGA 

214 

165 

211 (S31/G3/G5-1 1 CAATGTCTTGTTCGTTATCA (A/G ] CGAAAGTTTGAATCCCCACA 

215 

1 198 

211 IS31/G3/G4-1 ( TGTATCGGCTAGTCTGGATG f G / A 1 TCGCACTGGCACTCAGTGCT 

216 

1 231 1 211 |S29/G4/G5-1 iTCTATTCAGCAGTCTGAGAAf GCA/CT] AGCATCCTCGGCTTCTTCAG 

217 

0 1 219 |S29/G1/G5-1 ! CCTTACACTATTAACAGGCC [ C /T 1 GTGATCTACCTGAATGCCTG 

218 

33 1 219 |S28/G2/G6-1 IGAATGTTGCTGTTATATTAC f T / C } CGTAGGTGACAAAGGGTTCA 

219 

66 

219 1S2 8 /G3 /G6 - 1 1 GTCGTAGCTTCCTCAAGACC 1 17 1 TCCTGATGTGCGGACGCTAA 

220 

99 

219 t S2 8 /G3 /G4 - 2 1 AGGGGG7CGTCG CG ACTGG A [T/G] CGCCCGAGCAGCGAGCAAGC 

221 

132 

219 

32 8 /Gl /C3 - 1 1 TACATCTTAACAAGCACATG [ TG / TTT 1 TAACCTTTTATTCAAACTTT 

222 

165 

219 

S2 8 / C 5 /G 6 - 1 I CAAGAAGCCTCTTCAGTGTC f A/Cl GTCGTAGCTTCCTCAAGACC 

223 

196 

219 

S27/G3/G6-2 1 TTCGCTTGGTAGCCGTAGCA t G /A ] TATACTTTTACCGGCCACAG 

224 
225 

231 

0 

219 

S26 /G5/G6-1 1 CCAAG AAAGATTAATCCTGG [ /T) TAAAATATTGTTTCCAGTCT 

227 

S26/G4/G5-2 IATGCTGGTAAAATATTGTTT f /C] CAGTCTTTCACAAAGTGTGT 
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226 

33 1 227 

S23/G5/G3-1 t TTAAGTGAAGATGCCCAAAC IC/G) GTTAAACTTTCCATGGAACT 

1 i227 

66 1 227 

S23 /Gl /05-1 1 CGGGTCTGTATGCGAGTGTT I G / A ) TGGTGGTGAACTGGTGAATT 

22B 

99 

227 

tS23 /G4/G5-2 ITTCCAGTCGGATGAACTGGA f T / G ) GTTCGTCATCCACTCGTCAC 

229 

132 

227 

S22/G5/G6-1 ICAGATTGSTGTCGTTTACTA fA/G) AATTCAGTTCTGTCCATTTG 

230 

165 

227 

S2 1 /C2 /G5 - 1 ITGGCTTGCTTGACCTTGAGG ? C /G 1 CCACACACTATCTAGTACGT 

231 

198 

227 

S20/G5/O6-1 1 GCCGCCGAGAGCGACGCATA (G/T] GCGCATGTGCATGTGCGTGC 

232 

231 

227 

S19/G5/06-2 1 AGTACATGGCGAGCGTTGTA IG/C) CAGCTGCTTAGGTGATOTCG 

233 

0 

235 

S17 /G3 /G6-1 iGGTTCTAAACATAGCTCGTC (C/A) ATTCATCATTCATCTCGAGC 

234 

33 

235 

S17 /G4 /G6- 1 1 CTATTTCCaAGCTAACAACC ( C/G5 CTCTTGGTCCCAACATCCTG 

235 

66 

235 

S17 /G3 /G7- 3 1 AACCCTCATGTGCAGATTCA ITC/AG) GAACACACAACGTCAGCCAT 

236 

99 

235 

SI 6 /Gl /G2 -1 IGTGTGTAGCTTCATTCGCAA f A / T] GTTTGAACAGCCTCTGCAAG 

237 

132 

235 

S16/G4/G6-1 1 TCAGCAAGCCTCCAAGGCTC T C /A ) AATGGTCCAGTTACTTGGTT 

238 

165 

1*235 

1 SI 6 / G2 /G7 - 2 t GTTGACCAGCTGTGATTTCG fG/A] TGTATTCCACGACCACGAGT 

239 

198 1 235 

S16/C1 /G7»lb tCTTAATTGTACACAGTGCTT fC/TJ CGTAAACCTAGAGc tGACCA 

240 

231 

235 

S16/Gl/G7-lc 1 CTTAATTGTACAC AGTGCTT fC/T] CGTAAACCTAOAGtaGACCA 

241 

0 

243 

Sl6/G6/G7-la* iGTGCTtcCCTAAACCTAGAG f TT/CT1 GACCAGCTGTGATTTCGATG 

242 

33 

243 

S16/G6/G7-lb* ICTGCTTTCCTAAACCTAGAC t CT/TG ) GACCAGCTGTGATTTCGATG 

243 

66 

243 

S14/G5/G7-2 i CGAAAGAGCGAGATATATCG f A/G J TCGATCGATGAGCAAGTATA 

244 

99 

243 

S14/G5/G6-1 

GCTCAGCTGCCGGAGTACGT f A /T ] CGCTTGCTCTCCGGCCGGCC 

245 

132 

243 

S13/G2/G6-1 
S13/G5/06-1 

TTGGTAATTTCAGAGCTAGA [C/G] AACTTACTGTCGTACACGCC 

246 
247 

165 
198 

243 
243 

S12/G2 /G5-3a 

TTTCACAACTCAACTGATTG [ A/T] CTTGC 'X'T TGATGTGGATTCT 
CGTAATTACTTTCTTACtaC fTA/C] AGTAATTTTATATATATCCT 

248 

231 

243 

S12/G2/G5-3b 

CGTAATTACTTTGTTACa CC f TA / C J AGTAATTTTATATATATCCT 

249 

0 

2S1 

S12/G1/G5-3 

CTTTACTGATTGGGTTACAA f A/G) AGGTTATTTCTTATTCAGGC 

250 

33 

251 

S12 /G2 /G4-3a t ATCCGTAATTACTTTGTTAC I TA/AC ] C C aAGTAATTTTATATATAT 1 

2S1 

66 

251 

SI 0 /G4 /G6- 2 1 AATTTGGGAAAATCAATGCA JGAA/CAC ) ATCAGTGATTAATCCACATA 

252 

99 

251 

SI 0 /G4 /G6 - 1 1 AGCGACAGGGATGTCGAGCA JG/T] CTACGGAAGGCAATAATOAG 

253 

132 

251 

SOB/G3/G6-1* j GCACGTCGTTCGTCAAGAAG f AC/CA1 GCGGTACGGGTGCTTGTCGA 

254 

165 

251 

S0B/G1/G4-1 * 1 GCACGTCGTTGGTGAAGAAG ( A / C 1 AGCGGTACGGGTGCTTGTCC 

255 

198 I 251 

S08/G3/G5-1 1 AGGTACACGGGGAAGTCGGA IG/T] TGGTTCTTCACCACCACCGC 

256 

231 1 251 

SOB /G5 /G6 - 1 IGTCCCAGATCACGTCCACGT f T/C ] CGAGCTCCCTCTTCCCGCTT 

257 

0 

259 

S06/G2/G3-2 1 ACGGTGAGGAGTGGCACATG f A / C 1 GATGGAAAGTTCCTGTACAC 

258 

33 

253 

S 0 6 / G2 /G3 - 1 INAACCAAACCCTGACTATTA ( T / C ) AGGTAGATTAGACTAGACAC 

259 

66 

259 (S03/G2/O6-1 

ATATCCATGTTGTCGCCTGC ( /TG 1 TGTGCGCTTGCTTGCCGCTA 

260 

99 

259 IS02/G2/G5-2 

GTGTGGAATGACCATCTCGT f G / C } GTGATGCCAGCATGCTGTTA 

261 

132 1 259 IS02/G3/G7-lb 

CAACGTGCAATAATAGAACA fT/Gl GTGGTGTTTGTTAaGAAAGA 

262 

165 1 259 

S02 /G6 /G7-1 1 CACGGCAGTTGGCAGTGTGG ( A / 1 AAGGACTATCTCGTGGTGAT 

263 

198 1 259 

SOI /G4 /G7-3 IGCTAGAGCAAGAGTCAACAC I G /A ) CGCGCGCATCACGCATGCCA 

264 

231 1 259 

S01/G3/G7-2 iAGCCAGGTTCTAACAGCTAG f C/A1GCAAGAGTCAACACGCGCGC 
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marker B *px*nca _ 


2TT AC ATG CGTGG AAAGAGA [ G / ) TCCTCGAGATCAACCCACGA 

S5-.5B5-N3 

GATGCTAAAAAGCAACCTTA IC/T] ATGCGTGGAGTGAGAGTCCT 

85-5B5-8€-l 

AGCAAGCTTAC ATGCGTCGA (GT/AA) GAGAGTCCTCGAGATCAAC C 

85-5B5-86-2 

CAAACTCTCTCAGATGCTAA t A/Gl AAGCAAGCTTACATGCGTGG 



B5-5B12-N3-1 

CCTTGATCTCTCAAOTAATC t A / G 1 TCTCACCGGAAGATCCCTGA 

B5-3B12-N3-2 

TCTCCATCTGACATCTCTCAl A/T1 CGTCCTTCATCTCTCAAGTA 



86-SC3-85-1A 

TCGTCOCAATCTAACCAAAA I C / C ) TTAAAAACCCTAACCGTCTG 

86-5C3-85-1B 

TCGTCGCAATCTAACCAAAA IC/G] TTAAAAACGCTAACAGTGTG 

86-5C3-85-1C 

TCATCGCAATCTAACCAAAA (C/Gl TTAAAAACOCTAACGGTGTC 

86-5C3-85-1D 

TCATCGCAATCTAACCAAAA 1 C/Cl TTAAAAACGCTAACACTGTC 

B 5 . 5c3 _ B6 - 2 | ACCATC C ATTAAACTGTATC (A/G1 TCGCAATCTAACCAAAACTT 

1 

85-5E1-B6-1A 

TAAACC AAAGAGAGTCTT AC CC/A1 GTCTGCTGCATGATGTACCC 

85-5E1-B6-1B 

TAAAGC AAAG AGAGT CTT AC f C / Al GTCTGCTGCATGATATACCC 

B5-5E1-86-2 

CTACTCATACTCAACCACCC CA/C1 ATCCCCAAATTTAAAGCAAA 

65-5E1-86-3 

AACTTTTCGATTTCAATATA f G/T 1 CAACTACTGATAGTGAACCA 

85-5E1-86-4 

TAACTCTACAACATTCACAA (C/Gl CTGGGC C AACAT ATT 7AAAC 

86-5E1-N3 

6GGATATAGCAAANTTGAAC f A/C) ATATCAATTCTTGACGGAAC 



L6-5H5-N1 

CCAAATAGG'f TC T GAGCCTT I C/T 3 ACTTTCTCCACCATCTCATT 

L6-5H3-L4-1 

CTCCACCATCTCATTGCTCA f T/A) TCCAGCAAAAAACATCTCTG 

N1-5H5-L4-1A 

CTCCACCATCTCATTGCTCA [ G / A 1 TCCAGCAAAAAAC ATTTCGG 

N1-5H5-L4-1B 

CTCCACCATCTCATTGCTCA f G/Al TCCAGCAAAAAACATCTCGG 

N1-5H5-L4-1C 

CTCCACCATCTCATTGCTCA I G/ A 1 TCCAGCAAAAAAC ATTTCTG | 

N1-5H5-L4-1D 

CTCCACCATCTCATTGCTCA (G/A) TCCAGCAAAAAACATCTCTG i 

N1-5HS-L4-2 

CCAAATAGCTTCT GAGCCTT 1T/C J ACTTTCTCCACCATCTCATT 



85-6A11-86 

ATCCTATTGGTAGTAACACA f G/A) ATTG AGTTAAT6TTG CAGGG 

N1-6AU-N2 

AGGCAAAGCGGTAGTTGCAA f G/A] ACTGCTTCTCACGAGGTAAT 

L6-6A11-N2 

TCCTCAGAGGC AAAG CGGTA (T/G) TTGCAAAACTGCTTCTCACC | 



85-6A12-86 

CTTCCCCCCCTCAATACCTC (T/G) TTCAAAAGTGAAAAGTGCAG 

86-6A12-N2 

CCTGTAAAATCTTCTCTCTC I CT /TC ) TACTTCCTTTCTCCCCCCCC 

N1-6A12-N3-1A 

TGTAAGATCCTCTCTCTCTC f CT /TA } TGTCAACTCTCCCCCCCCCC 

NI-6A12-N3-1B 

TCTAAAATCCTCTCTCTCTC I CT /TA 1 TGTCAACTCTCCCCCCCCCC 

N1-6A12-N3-1C 

TGTAAGATCCTCTCTCTCTC [ CT/TA) TGTCAACTCTCCCCCCCCCT 

N1-6A12-N3-1D 

TGTAAAATCCTCTCTCTCTC (CT/TA ) TGTCAACTCTCCCCCCCCCT 

e5-€A12-66-lA 

TTTCAAAAGTGAAAAGTGCA I G/A J AAACTCATTTATTTATGTTT 

e5-6A12-86-lE 

TTACAAAAGTGAAAAGTGCA (G/A) AAACTCATTTATTTATGTTT 

85-6A12-B6-1C 

GTTCAAAAGTGAAAAGTGCA ( G / A ) AAACTCATTTATTTATGTTT 

85-6A12-86-1C 

OTACAAAAGTGAAAAGTGCA ( G /A 1 AAACTCATTTATTTATGTTT 



N1-6A9-N2-2A 

AAAGTTCATTACGATGATCT IA/G' ACCCTGCAGTCATCCATGGA 

N1-6A9-N2-2A 

AAAGTTCATTACGATGATCT f A/ G ) ACCCTG C AGTCATC CATAG A 

N1-6A9-N2-1A 

CCAGCTTC AATGTCT G CATG f C/A) TTCTGTCGATGCCAAAGTTC 

N1-6A9 -N2 - 15 1 ACCACTTCAATC7CTGCATG (C/Al TTGT3TCGATGCCAAAGTTC 
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N1/6D1/N2-1A 

ATTTTGTTTTGTTTCTTGTC (G/C) GGTCAGGTCAGAACAAAGTT 

N1/6D1/N2-1S 

ATTTTGTTTTGTTTCTTGTC t G/C] GGTCAGGTCAGAACAAAGGT 


N1-6F11-N2 

TAGGACAGGCAAACAATCTA C C/ A) GCGGTCAAAATCCGATTTCG 

86-6F11-N2-1 

QAGGATGAGTATATCGCTTT I A/G) TGTCTCATGCTTCTTGCTCG 

86-6F11-N2-2 

GATTTCGACCGCAGTCTCAC (G/T) GAGGATGAGTATATCGCTTT 



N1-6H5-N2 

AAACCAGAGCCACCTCCTTA ( C / ) CC ACCTC AT CGTTTCCTTTC 



L4-8A2-L6-1 

ACCGAAACCAATCTCCCAAG (T/ ] AAAGCTTATTCAGGAGCTTC 

L4-8A2-L6-2 

AGCAGTGCAACACCTCCTGC IA/T) AAGTCCCTGACGTACGAGGA 

L4-8A2-L6-3 

AGCTTCAATGGCGGATGGGC f T/C] CTTCTAACCTCTGTTCTAAG | 



N1/8B5/N2 

ACTCAAAAAAACGATACCTC (G/C) GCCCTCTCTCGCCGTCTCGC 

85-8B5-86-1 

AAACACTAAGTGTCNCTCTC ( T/C ) AAACTAGTGTGCAAAGCTCA 



N1/8D4/N2-1A 1 C AGGAGACAGTTACAGTCCC [ /A) CACAGTCCCAAGGATCTCGAA 

mi / and /M5 - 1 ft 

CAGGAGACAGTTACAGTCCC ( / A) CAGAGTCGCAAGGACTCGAAC 


ATCTCGAACTTCAC AT CTGC TG/A1 TTGAGTTCTGCTGAGAGGCT 

85-8D4-BO-1A 

zrWJirarcTCffPAPAGAGTC rT/G1 CAAGGATCTCGAACTTCACT 


AGTTACAu iWWvALiUinu 1 1 / u ] \*i\J%>\j\3t\> Ivi wu/Wlw a a Ufiwt 

85-804-66-2 

CTGATCTTGAAGGAGAOACC t A/G) CCACAAGGTTCCATCCTAT6 



85/8H11/B6 

AGTGCNAGGCT CAGTTGG AT (G/Tl ATTAGGGTGTCAGTAAATCA | 



N2/10B8/N3-1A 

AAGGTATTCCATTGOTATAC [A/C1TCCAAC1TTTCTCCAGTTCT 

N2/10B8/N3-1B 

AAGGTATTCCATTGGTATAC C A/C) TCCAACTTTTCTCCAGTCCT 

N2/10B8/N3-2A 

ACATCCAACTTTTCTCCAGT ( T/C] CTTTATTCTATCCTGATTTG 

N2/10B8/N3-2B 

ACCTCCAACTTTTCTCCAGT f T/C] CTTTATTCTATCCTGATTTG 

85-10B8-86 

NAOGTCCATGATGATGACAA f T/ A] AAAGGTATTCCACATGTCAA 



05-1OB9-86 

GACCTTCTTGGGAAAOAAAG (T/C) TGTAACCGCGTCGAGATTCG 

N2/10B9/N3A 

CAGATCGGTACTTTCAACCA [G/T] TCTCCTTCTCTGTCTCCACT 

K2/10B9/N3B 

AGATCCGGTACTTTCAACCA (G/T] TCTCCTTCTCTGTCTCCACT 1 

N2/10B9/N3C 

AGAGTCGGTACTTTCAACCA ( G/T) TCTCCTTCTCTGTCTCCACT 

N2/10B9/N3D 

CAGACCGGTACTTTCAACCA ( G/T] TCTCCTTCTCTGTCTCCACT 

86/10B9/N3 

TATTCAACCAGTCTCCTTCT tT/C] TGTCTCCACTATGTCGTTAG 

85/10B9/N3 

ACTGAGTTTGGTCTGTCTCT ( A/G) TGTCTCTGTGTGTTCTACTA 



L6-1QC8-N2 

CACTTTCTTCGTGGCTAAAT I G/T) CTTCGGCCCACCCGGTCTCA 

L5-1QC8-N2 

ATAGAAACCGCCG ATGCTC A \ G / A ] GGACACGCCACCGTCTTCGT | 



L6-10D2-N1 

GTTATCATCAGTACCGGTAT [ C/T) AACCCCAAGGCTAATTCTTA 

L5-10D2-N2 

GTGTTGGGTATCTACGGACT tC/G] ATCATC GCTGTTATCATCAG 

85-10D2-L6 

TTGGGTATCTACGGACTGAT [C/T] ATCGCTGTTATCATCAGTAC 

8S-X0D2-L6 

TAGGGTATCTACGG ACTGAT f C/T] ATCGCTGTTATCATCAGTAC 



Ml /10E12 /N2 -1 IgGAATTCAATACTCGCCAAC { G/T) TCTTCATTGCTCTCCTCGGC 
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M1/10E12/N2-2 1 TCCTTACG CCTTCAAGCGCA ( C / G ) CGGCTGGCTCATCCGTGTCC 



N1/10F4/K2 

TGTATCTATGCGGTGGCTGC (G/C) GTCTCCGTTCGCGCCAGTAC 

L3-10F4-L6 

CCGTCTCCGTTCGCCCCACT ( G/A) CCGCCGGTTACCATCTCACT 

L2-10F4-L6A 

GTTACAATCTCACTGCCTCC (A/T) CCTCCOCTCCTATCGAGGAA 

L2-10F4-L6B 

GTTACC ATCT C ACTGCCTCC ( A / T ) CCTCCGCTCCTATCGAGGAA 

L1/10F4/H2 

GCGCCAGTACCGCCGGTTAC (C/A) ATCTTACTGCCTTCACGTCC 

L1/10F4/N1-1 

CTGACTCGTGCGGTGGCTGC [C/G] GTCTCCGTTCGCGCCAGTAC 

L1/10F4/N1-2 

CCTCCACGTCCGCTCCTATC ( G / A ) AGGAATCGATCGTGTCTC AC 

85/10F4/K2 

GCGCCAGTACCGCCGGTTAC [ G / A ] ATCTTAATGCCTTCACGTTC . 

N1-10F4-L4 

GATATGATCACTTCCGCTGA r A/G ) ACAGATGTTGTCGTCGTTGG 



85/10F9/N2-1 

CGGTACTGCGAAAGCTGGAG (C/G) ATCAACTTGGAATTCCAC AA 

85/10F9/13-1 

CGGTACTGCGAAAGCTGGAG [C/G] ATCAACTTGGAATTCCACAT 

A5-10F9-N1-1 

ACGCTATTGTTTCTTCAGGG (T/G) T C TCGAC AAACCTG AAACGG 

L5-10F9-N2 

GATCAACTTGGAATTCCACA t T / A ) CTTCAGAAACTTCGATGTGG 

L1-10F9-L4A 

CAAACCTGAAACGGTACTGC 1 G/A) AAAGCTGGACGATCAACTTG 

L1-10F9-L4B 

CAAACCTGAAACGGTACTGC [G/A] AAAGCTGGAGGATCAAGTTG 

B5/10F9/N1-2 

AACTTGGAATTCCACAACTT [ G / C J AGAAACTTCGATGTGGTGCC 

L2-10F9-L4 

TCAGGGGTCTCGACAAACCT f A/G) AAACGGTACTGCAAAAGCTC 

L3-10F9-L4-1A 

TGCGAAAGCTGGAGGATCAA (C/G) TTGGAATTCC ACATC GTCAG 

L3-10F9-L4-1B 

TGCAAAAGCTGGAGGATCAA (C/G) TTGGAATTCCACATC GTCAG 

L5-X0F9-L6 

TCAACTTGGAATTCCACATC I T/ G ) TCAGAAACTTCGATGTGOTG 

B5/10F9/H-1 

CAATTGCGCATCTCTTCATC I G/A) TCAACCCAAAACGGTATTCT 



8S-10F12-L3 

AAAAGTGCTATTGTTCAGGT ( G /C ) GATCCTGCTCCGTTCAAGCA 

85-10F12-86 

AAACCAGGGTCCTTGATGTC f T/ ) GTCTACAACGCTTCCAACAA 



L1-10H6-L6 

GCGGTGGTAACAGGCGCTCA ( G/T ) TTTCTCGTCAAAAGCCACGG 

85-10H6-L6 

TTTCTCGTCAAAAGCCACGG ( A/ C ) TTCAAGAACCTGCTCTTCTT 

85-10H6-86 

GTCAAAAGCCACGGATTCAA (G/A) AACGTGCTCTTCTTGCGCCT 



L4-11A3-L1 

TTGAAGGAGGTTGGTACACA [C/G] TTCTTCGAGCTACCGGAGAC 



85-11B7-86 

AANACCCTGAGCTCATGCCT [C/T) TGACCCATGTTCTTGCCACC 



8S-11C4-86 

TTTGGGACCGTTGGAGTTGC ( A/G) TCTGCGGCTATGACGGTGGA 



85-11D4-86-1 

GTTGTGGTAGCGACTGCGGG ( G/A) CAGAGCCGGTGCGAGCCTGG 

85-11D4-86-2 

AATCTTTGCCATTGCTGTCA (A/G) TATCTTCGTCAGCTTCAGCT 



85-11D11-86 

ATGCTCAGCACCATCGCCAC (T/C) GGTTTGGCGATTGATGCTTA 

N2-11D11-N3 

GACAACGCTGCTGGTATTGC ( C/T) GAAATGGCTGGAATGACCCA 

86-11D11-N3 

GCTCCTCTAGGGATGCTCAG (C/T) ACCATCGCCACCGGTTTGGC 



N2-11E3-N8 

OAGAAAGTGCTTGTGGAGAT I C/T] TACAAGTCCATACTOATGGC 

86-11E3-K2A 

AATGCTTGTGGAGATTTACA I G/A) GTCCATACTGATGGCGCAGG 

86-11E3-N2B 

AGTGCTTGTGGAGATTTACA (G/A) GTCCATACTGATGGCGCAGG 
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NX/XXFX2/N3 

rGGTTCTTTGGTGGGTTGCA t A / G J TTTCAGCT AG AGCATCATCT 

85-1XF12-B6 

AATOATTGGTTTGAGAAGCA IT/A] ACAGCTGGTACGCTTGATAT 



85-XXF7-86 

GATAGGGCGAAGAGACGGAA f G / A ) AGTCCTGAGAGGAAAGAGAT 



85-1XH2-86-1 

GGAGAAACCCTCTCCGACTT (C/T) CTCTCTCTCCACAAAGACAC 

65-XXH2-86-2 

CTCTCTCTCCACAAAGACAC I A/C) GCTTTCTCCATGACCTTCGG 



85-XXK5-86-X 

TCTCTGACGTCATGAAAGCT [ C / A ) ATGGCAAAATTGCTGATGGA 



85-11H6-B6-1 

GTTATCGATCGCGTGGTCCG (T/C) G AAAC C CAAAATMCAC CTTT 



85/12B6/N3 

CGTCAGCCTTCTTCCGCCGC ( A/C) GTCGTCCTCCGCAACCGTGC 



L3/X2BXX/N2-X 

GCGGATCCTATATTGGGTCT ( C/T ) GATGGATTGTTTCTATCCCG 

L3/X2BXX/N2-XB 

GCGGATCCTATATTGGGTCT (C/T) GATCGATTGTTTCTATTCCG 

L3/12B11/N2-2A 

TCTCGATGGATTGTTTCTAT (C/T) CCGCAAATTGACATACTCCT 

/ X2B 1 1 /N2 -2E ! TCTTGATGGATTGTTTCTAT (C/T) CCGCAAATTGACATACTCCT 

L3/X2BXX/N2-2C 

TCTCGATGGATTGTTTCTAT 1 C/T) CCGCAAATTGACATTTCCCT 

U/12BX1/N2-2D 

TCTTG ATGGATTGTTTCTAT (C/T) CCGCAAATTGACATTTCCCT 

L3/12BXX/N2-3 

TATTCATCGCAACAATCTGT { C /G J GCGGATCCTATATTGGGTCT 

L2-X2BXX-N2-X 

TATTCATGGCAAGAATCTGT tG/T) GCCGATCCTATATTGGGTCT 

&2-X2BX1-N2-2 

TATCCTGCAAATTGACATTT T T / C ) CCTTCAGGTTCTAGAAGCTC 

86-X2BXX-85 

TCAGGTTTACCTCTATATAT C T / ) AT ATTT CATGGTATG AAGGT 



86/X2B6/N3 

TGTCTCTTCCGTCACCCTTC t C/T) TCCGCCGCAGTCGTCCTCCG 

B5-12B6-N3 

CGTCAGCCTTCTTCCGCCGC (A/C) GTCGTCCTCCGCAACCGTGC 



85-X2C2-86 

CGAGAACAGAAGAGAAGAGA f C/ ) TGGAAC ACGTC GGACAGTAC 



L3-X2C7-L5 

TGNCAC AACGAAGGTTTTGG (C/T] GGAGGTAAATGCCGTGGGTT 



L6-X2CXX-N2 

ACGGGTCCTAGCCCCATGGC (C/T) ATTTTCCTCACCGTTTCTGG 



NX-X2DX0-L6 

TTGGGCTTTCGGTGGTATGA ( T/ ) CTTCGTCCTCGTCTATTGCA 



NX,2.3/X2EX0/LX 

TACCACGGTCGTACTCGTCG { A/ ) TGTCTGGAACGTCACCAAGC 

L2-X2EX0-L3 

CACAAAGGTCTGCCTCACAA (G/T) TTCTACCACGGTCGTACTGG 



65-12F4-86-1 

TCCTTGATTCCTTAATAATC ( A/T] TTGGCTGGGGGTCTTTCTAA 

85-X2F4-86-2 

TACTTCTTGAGGAAGC AGGT (G/C) AAAATTAACAAGACC AATGG 

85-12F4-LXA 

TTCCTTAATAATCATTCCCT tG/T) GGGGTCTTTCTAACTATAAG 

85-X2F4-LXB 

TTCCTTAATAATCATTGGCT ( G/T) GGGGTCTTTCTAACTATAAA . 



LX-X2C5-N1A 

GCTTGAATAACGATGTCTAC I A/T) CTGCCTCGGCGTACGGCGGA 

LX-12G5-NXB 

GCTTGAATAACGATGTCTAC [A/T) CTGCCTCGGCGTACGGTGAT 



85-X2G6-86 

AAAAGGGT ACAANCTANTAA fT/G) TGATG ACTCAACTTTCANTT 

L3-12GB-L6 

GCAAAGCTAAAAAAATCGAC ( A/G1 AGTGTTCCTTACTACGCTCC 
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85 - 12G8-L1 IcTAAAAAGATCGACGAGTGT (C/T) CCTTACTACGCTCCATCTAT 

L5-12G8-L6 

ACTCGGAGCAAAGCTAAAAA (G/Al ATCGAC GAGTGTTCCTTACT 



85-12G9-L3 

GGTGGGTTTACCGTATCATT ( T/C ] GATCCATTCCATGGATCGAG 

L6-12G9-N1-1A 

AGGTGGGTTTAGCGTGGCAT (T/C) CGATCCATTGGATGGATCCA 

L6-12G9-N1-1B 

AAC3TGGGTTTAGCGTGGCAT [T/C ) CGATCCATTGGATGGATCCA 

LS-12G9-N1-1C 

AGGTGGGTTTAGCGTCCCAT f T/C) CGATCCATTCCATGG ATCGA 

L6-12G9-N1-1D 

AAGTGGGTTTAGCCTGGCAT (T/C) CGATCCATTGGATGGATCGA 

L6-12G9-N1-2A 

TTCGATCCATTGGATGGATC (C/G) AGCATTGTGGATACAAACTT 

L6-12G9-N1-2B 

TCCGATCCATTGGATGGATC (C/G) AGCATTGTGGATACAAACTT 

85/12G9/L3-1 

GATCCATTGGATGGATCGAG (T/C) ATTGTGGATACAAACTTCAC 

85/12G9/L3-2 

TTGGGGTTTGGCCTGGTGAC (C/A) ATTTAACCCGACTCACGGGA 



N1/13A3/N2A 

CTGTCTCAGTTTGTTGGATC (C/G) AAATCGAATCGAAAGCGTAC 

N1/13A3/N2B 

CTGTCTCATTTTGTTGGATC [ C / G ) AAATCGAATCGAAAGCGTAC 

L4-13A3-L5 

ATGGAAAGTATGAATCTTTA (G/C) TCCACCC ATTGTTCGC ATTT 

L4-13A3-N2A 

TTTGTCCTGGTTCTGTCTCA ( G/ T ) TTTGTTGGATCGAAATCGAA 

L4-13A3-N2B 

TTTGTCCTGGTTCTGTCTCA \ G/T ) TTTGTTGGATCGAAATCAAA 



L4-13B6-N2-1A 

TCTGAATAGGTCTTGGGGTT ( A/T) TGTAAATTGTGTTGCGGGTG 

U-13B6-N2-1B 

TCTOAATAGGTCTTGGGGTT (A/T) TGTAAATTGTGTTGCGGGTT 

L4-13B6-N2-2A 

ATGTAAATTGTGTTCCGCGT ( G/T ) TCTGAAAAGGGATTGGCCTT 

L4-13B6-N2-2B 

TTGTAAATTGTGTTGCGGGT (G/T) TCTCAAAAGGGATTGGCGTT 

L3-13B6-L2 

CTCTTCTTAGTCAATCTGAG ( A/ ) AAGCCTGACGTCTCCTACAA 



L2-13E3-N2 

ACACTGTTGGAGGACGTGAA (T/G) AAG ATATTCAAGACAACATC 



N1/13F6/N2-1A 

TCGAGGAACTGGAGATGGAT [ A/Gl AGGTAAACCTTTTGTTTTAT 

N1/13F6/N2-1A 

TCGAGGAACTGGAGATGGAT I A/G] AGGTAAACCTTTTGCTTTAT 

N1/13F6/N2-2 

TCTTTCCTATCTTGCTGAGT ( C/T ) GTTACGCCTGTCAACACCCG 



L3-13F8-N2 

GATCATAGTATCCGCCGGAA (G/C) CCTAGGGAGCCCACAGCTCC 

L2-13F8-N2-1 

GGAACCCTAGGGAGCCCACA (T/G) CTCCTTATGCTAAGCGGCGT 

L2-13F8-N2-2 

TAAGCGGCGTCGGGCCATCA ( T/G ) CTCAACTACAGGCCCAAAAT 



85/14B5/86 

TTCCGCCGGTCOATCCOGGC T A/G) GAAGACATTGTCAGGTGANN 

86-14B5-U 

ACCCCTTCTTTTAGACCCAA I A/G] ACTCGCTTCGGCGGGTCGAT 



N1/14C2/N2 

GCACCAACATTGTAAACCTA (T/G) AGCTTCTTCCTCAGCCACCT 

N1-14C2-L2A 

AGCTTCTTCCTCAGCCACCT (T/G) CAACGAGAGCTCCTGGAAAC 

N1-14C2-L2B 

ATCTTCTTCCTCAGCCACCT (T/G) CAACGAGAGCTCCTGGAAAC 

N2-14C2-65-1A 

CCTCTATCC3CCATGGTTGC T A/T) CCAACATTGTGAACCTAGAG 

N2-X4C2-85-1B 

CCTCTATCCGCCATGGTTCC (A/T) CCAACATTGTGAACCTAAAG 

N2-14C2-85-1C 

CATCTATCCGCCATCGTTOC (A/T) C C AACATTOTGAACCTAGAG 

N2-14C2-85-1D 

CATCTATCCGCCATGGTTGC ( A/T) CCAACATTGTGAACCTAAAG 

N2-14C2-85-2A 

GCACCAACATTGTGAACCTAl G/A) AGCTTCTTCCTCAGCCACCT 

N2-UC2-a5-2B 

GCTCCAACATTGTGAACCTA { G/A) AGCTTCTTCCTCAGCCACCT 

N2-14C2-85-2A 

CGAGAGCTCCTGGAAACCCT (T/G) GGCCACAGGTTTGTTTCTAT 

N2-14C2-85-2A 

GAAGAGCTCCTGGAAACCCT (T/G) GGCCACAGGTTTGTTTCTAT 
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N2-14C2-86A i 

. M MM><amMMM« rrr^\ rr*** f t / riarrir ftPPTPHTGClft. ft.ftP 

N2-14C2-86B 

^GCTTCTTCCTCAGCCALUr I IV AA] LAALliAvAuui^L. aOUAAUL 

85/14C2/86A 

fc«fn»r»ft»pftr*P»l*ft'Y M PGft.P , rJLA \C /Cl'\ TTJVAGTTCCTTGTATTGTTG 
\Q 1 AUA 1 nv% A A A A WiAU A AA IV/ wj 4 4 Anv» a a l w a luini * Ui A>J 

85/14C2/86B 

ft<raft.Aft.Tft.GPTATTGACTAA F C / G 1 TTAAGTTCCTTGTATTGTTG ■ 

85/14C2/86C 

jv/^rrifc »r*Tft.(Vriv»T w m&.r , TaJl f P / G 1 TTAAGTTCCTTGTATTGTTG 

85/14C2/B6D 

ftTTAJiPTAGPTATTGACTAA ( C / G 1 TTAACTTCCTTGTATTGTTG 

Li-i4C2-85A 

GAAGAGCTCCTGGAAACCCT (T/G) GGCCACAGCTTTGTTTCGGT 

L1-14C2-85B 

r*Aft.rsftGPTPPTGGJkJAAPPP:T f T/G1 GGCPAPJ^OGTTTGTTTPfiGT 

L1-14C2-85C 

p*ft.Gft.PPTPPTGGAAACCCT f T/G1 GGCC AC AGGTTTGTTTCTG G 

L1-14C2-85D 

ppJVGAGrTPPTGGAAACCCT fT/G1 GGCCACAGGTTTGTTTCTGG 



85/14E2/86-1 

AGGCTGCCCTCTCUCAAT1 G IA/WJ AAAGUG AAUa UL A AAAuuaa 

85/14E2/86-2 

miim & r*r+r**v*f*fT*f*%L t\ r*r*r*?>. f / T 1 r^iv—ftft^^/^ftfffiP^rffPftftPPT 
TTGACCCTCGGCAAGCCACC ( G/T I GTCAAGLUATGCrGuAUGG 1 



B5-14E8-86A 

k a »r*&T»rtf5fc ft ftrsrv^r^PftTft f /f? > TrirrrtTrt IrtrTrtrrfJTP 
AAAwATuuAAAvjbLC iUAin 1 /GJ i L ALuu 1 LAAUi. i W AwUu i W 

85-14E8-86B 

ftftftrtftTPPftftftGPPPTPB.'Pft f /G1 TPftPPGTPJVAGPTPAPCGTC 
AAAQATQuAAAUwLL 4 UAi A i / u 1 1 LAUUVJl UAauL ILftULUi L. 



85/14E12/86 

#-»•» » * * » * fM>rnvnfnm x r/« f k l^kl ^^*^^f*f*PPP^*P^PTPP ft 

CAACCTGAAAAATTGTTTTA I C / A J C AAuGGuuuuGuTTI u 1 UUA 



85/14H10/86 i 

TCACCGGCTTGAAGTLItTCC J G/ I J UiwLAl AUv.UAuJLUAV-Uw.uL. 

L1-14H10-86 

ftftft/^r^ft tr*t ftrrtftPftT^rftP f T / ri TPPXT^GTTAGCAACGGAGG 

AAuuLLAALAALuALAi iAU I i / U J iWtAAWW * iAV»wwiuv»wnw 



n ft i m « / ft 

B5/15A6/B6 

ftC'PrRGrTTTPTTJVTGGeTC f G/ 1 ACTTCCGACACACGAATCCA 



85-15C4-86 

m«MM«ft«M»MM«m#Y*«iif2 r G/Tl TCA.f*f*TTAACCCAGCCGTAN 



N1/15C10/N2A 

ftr t r , nTftftGaTPTftJ^C , eGCGG f G /C 1 GATCCTTCAGTCCATAGTCG 

N1/15C10/M2B 

ftr«r^r»r , r'ftCftTr , Tftftf*GGf"GG \ fl) C*1 G3iTf*CTTCAGTCCATAGTCG 

N1/15C10/N2C 

TCG^TGAGATCTAaCGGCGG IG/C J GATCCTTCAGTuL A l al» i uo 

N1/15C10/N2D 

TCGGCGAGATCTAACGGCGG I G / C ] GATCCTTCAGTCCATagtuu 



86-15E5-N2 

CCCGCGAGGAGCACGACTAC | A/T J GATTCTttUii i i I laaaa uu 

N1/15E5/K2-1 

nmnflW ^ «k ft/**. ftr»ft ftn«t"t«^nrt r / t ^ ftft.fiGTP*rft.r , r!m ,, "PCC?ccGA 
CTGTTC AAG AAGAAGTTU GG I C / a j AAviu lui Av*wL a*wlu vrv- \»rx 

N1/15E5/N2-2 

.AMMMp^mM^ a * p^mama f T / M APGCAGTTrTCGGATCTGAC 

CCtiVj WV. AUG 1 UAUfciUUU A I X / A J nViWWAU wv»w*\ a w a 

85/15E5/86-1 

CGaGGaTCACTTCTuTCTGI 1 G/ 1 J v-AAVaAAUAAVJi i \-\juw/v*ivjvy 

85/15E5/86-2 

/sii i^nkr«Pitnnr>^ & ft<"V*T*PT f Pft / ftp 1 GPTTPPPGPG JVGGAGCACGA 
GAaGAAGTTCUGCAAGGT C I IGA/ Av» J UU I iLuL.liUUAwnw.AV.wn 



L1-15E9-86A 

^»m/»/*<*f*r»/v*ft ft/'ii ft ft^» f ft T PPftPft ft ft PP GTTGTPTJVPTT 

N1-15E9-86A 

ATCTTCCTCTCTATCTTCAA (C/T J GTCGTgAuaAGaATGA i G 1 G 

N1-15E9-86B 

ATCTGCCTCTCTATCTTCAA ( C / T ) GTCGTGACAAGAATGATGTG 

N1-15E9-66C 

fcir^mfprrTrTrTiTPTTraft 1 P /Tt GTPGTGACAAGAATGAGTGG 

N1-15E9-B6D 

ATCTGCCTCTCTATCTTCAA f C /T) GTCGTGACAAGAATGAGTCG 

L1-15E9-86B 

TCCACTCGCCGGGAAGAAAC t A/T) CGACAAACCGTTCTCCACTT 

L1-15E9-86C 

TCCACTCGCCGGGAAGAAAC 1 A/T) CGACAAACCGTTGTCTACGT 

L1-15E9-86D 

TCCACTCGCCGGGAAGAAAC T A/T 1 CGACAaACCGTTCTCCACGT 

N2-15E9-85A 

TCCACTCGCCGGGAAGAAAC f A / C ) CGAC AAACCGTTGTCTACTT 

N2-15E9-85B 

TCCACTCGCCGGGAAGAAAC [ A/C] CGAC AAACC GTTGTCTACAT 

N2-15E9-L1 

ATGGCTCGCGACGGGTCTCC [G/T] GT AAACCT C GG AGAGC AG AT 

N2-15E9-86 

GCCGACTCTCGAAGCTTCTT f A/ ) aCTCCACTCGCCGGGAAOAA 
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pc /i ceo / cc. 1 

GAATCT AGGACAGCAGATCT f T / G 1 CCTCTCTATCTTCAATGTTC 


TCCACTCGCCGGGAAGAAAC f C / Tl CGACLAAACCGTTGTCTACAT 


TCCACTCGCCGGGAAGAAAC f C/T1 CGACAAACCGTTGTCCACAT 


TCCACTCGCCGGGAAGAAAC [C/T J CGACAAACCQTTGTCCACGT 

fl^/l*5F9 '0.6-2D 

03/ AJtJi aw Am 

TCC ACTCGCCG GGAAGAAAC f C / T ) CGACAAACCGTTGTCTACGT i 



DC/ICpl / Dg 
0 3/ XP* *» OD 

GCAGGTAAAATTCTACAGAC (C/A) TTCCCTTTTC ATTGTAGTTA 



85/ j3rD/oo 

TCTCCTCCGnrGCGCAAGAA TG/A1 AAATCGACAGCGGCGCGTCT 



85/ 15F10/ BbA 

l» 1 vjv— LL liwuikinlnLLL A wA (A/u / WW 1 A v)U iulUl UvUuinA^ Vjp 

B5/15F10 / ooB 

f nVlf*PCT*JiJilif2JlTJ\rr , P M Pf > ti f Jk / ft 1 fiP*rTftnTftTCTftPGCTAJVTG 



vrn 1 cro M*5_1 

/jTftTrtliJinATJlTTrJiPTJVP f l/ftl f*rV_rr*TnTCGAAGCTTCTTA 
Vj 1 ^.Kl UAAUAlnl A tnLlnv I A/ V* J twht X w A wwAAWW a. i W4 a a 

N1-15E9-N2-2 

^i^P<*Jif*TPTr , r , Jl.JlOf*TTf*T , r f /& \ ir w TV" l f*Jl? , 'Fr , f.f*f*GGftJ»AGAA 
uUV»unU 1 w A wwa/wwa 1 w 4 4 I / A J Aw i wwAw 1 1 y w LUUUAAWArt 



iV£~X3V > 9.4~l»i a ) 

TTCTTCCCACAGGTGAAACT (T/C) GCTAACTTCCTTCCAAAGTA 




CAGGAC AATGTGTTTGTGAC (A/T 3 GTGGTTGCATCCATTCAATA 

Ml /I CU7 /TJ9 

TATGTATCAGGACAATGTGT 1 GA/TT1 GTGACTGTGGTTGCATCCAT 



M1/1SC10/N2 

til / *5^1V / MA 

ACCGTGAGATCTAACGOCGG ( G/C) GATCCTTCAGTCCATAGTCG 




GCTAAC5GTAGTTGGAGGAGC f CAA/GTG1 CCACAGCCACGCGACTAAGG 




GCTAAGCTACGCAACTQCCA 1 C/T 1 CAATCAGGGCAAGCTAAAGG 

Nl / X b Al /Na -a 

MY* AGGGPAAftPTAJUtGCAA f f /T 1 GAATGACATTGAAGATGTGA 



85/16A5/86 

TATACAU 1 LrriAAAAQUii I S / C J TQTuTu fALL In ALlLiLll 



B5/16B6/N2A 

vaACA xl TT CTA uaCaT vjAQa I a / J TCvjCTW-« IAi l iwiti 

B5/16B6/N2B 

UUwAi TiTUi AwACVt UAuA I A / J lv#W»iwUwiAi 4 i«WW4W4W4 

osYloBo/NZC 

gvAUAi A A WiAVfAwi lunm | A / J I w\.lwW«*Ai w* w * 

PC /I CtlC /K7*5n 

BD/ 1D0O/N2U 

fi fViPJITTTPTAGa.CTTGACA f T/ 1 TCGrTGCGTATTGGCTGTCT 

Oft / I CPC /Ml 

GGATCCATCTCAACTATGGT f A/Cl GTATTATCGTTGAGGCTACG 

Oft /i inc /mi 

TGGAPCATCTCAACTATGGT I A/Cl GTATTATCGTTGAGGCTAGC 

Ml /1 £T*£ /M5 

ATGGCTGCGTATTGGCTGTC I C/T] AAGGCTGGATCTTGGTCCCA 



Oft / 1 cni / a< 

03/ iOB' /DO 

rTATCTCATTCGGAACAGAA f T / 1 P AAACTAAGTGCCGAGAAAC 




GCTAAGGTAGTTGGAGGAGC f CAA/ GTG ) CCACAGCCACGCGACTAAGG 



85/16D1Q/86 

CTCAACGTAGC AAGTAATAA ( T / G ] ATACTGTCTATT7ATG GTT A 



N1/1GE9/N2A 

AGACTTTCCCCATTCTCTTC TT/A1 CCATCCACCGTCGAAACCCA 

N1/16E9/N2B 

TCACTTTCCCCATTCTCTTC (T/Al CCATCCACCGTCGAAACCCA 



8S/16H3/85-1A 

ACTTCGAAACTGTAAACCTA [ A/T) ACTTTAAGAGTTTAGAGCTA 

85/16H3/86-1B 

ATTTCGAAACTGTAAACCTA f A/T) ACTTTAAGAGTTTAGAGCTA 
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OS/ Ion j / oti*«a 

2 ACCATCGGAGAAAGAGGTA tC/T ) TTCGAAACTGTAAACCTAAA 

85 / loHJ / BO-xJJ 

^ACCATCGGAGAAAGAGGTA I C /T 1 TTCGAAACTGTAAACCTATA 



AC / 1 T * C IOC 

85/1/Ab/ Bo 

CTAAGGCGTCTCCTGAAGAA f A/G1 TACAGAGAGTCGAAGAA6AT 



im/17C7/flf»A 

CCGCGGACGACGCTTTCTTC ( C / A ) TCTGCTCCACCGCGAGCGCC 

B5/17C7/86B 

QOGCQGAC GACGCTTTCTTC [ C/ A) TCTGCTCCACCGCGAGCGCC 



oc/1 Tt?7 /flfi 

GAGGAGTAGTCTCCATGGCC f G/ 1 AAGAAGAGCGTCGGAGACCTG 



B5/17G12/86 

GAAGTTAGGGCTTCTAAGAT tC/Tl AAGTTCGGCAAGGCTTTAAC 



fl§ /1BA2/86 

TCAAAACTAATATTTCTTTT I G/C) TTGATTGGTAATAAACAGGT 



pc/i RA11 / 96 

TTCCAGTGAAAAGGCATTGT (T/G) CTCCAAAATCTCGCTCTGCG 

Q«\ /l RAll /fifi 

03 / i D/%X * / O " 

TCTCCTGAGACTGTGGCACC [ /G) ATCTCGTTCTACGCCGGCTTC 



09/ * W f W / WW 

AAGCAGCTCTGACTTGAATG t C/A] GAGAGGTTAATCAGACTGTG 

85/18F5/86 

AACTTGTTCTCTGATGGTGT [ A/T] GTAAGTACGTGCGCCCCTTT 



B5/1BH10/B6-1 

GTTTTTCTTTTGTTTGTTTT [ A/ C ] TTAACTAGCGACTTCAAACT 


CATATTTTTCTCTCCCCTTA IG/A) ATTGAAGCAATCAAGAAGAT 

8&/1BH10/B6-2B 

CATATTTTTCTCTCCCCTTA { G / A VATTGAACCAATCAAGAAAAT 

QK/1 QUIA / A£-3k 

T AGATTGAAG CAATC AAGAA ( G/ A] ATCTCAGACTTCATCACCCA 

03/ 10f»AW / ow jo 

TAAATTGAAGC AATC AAGAA [ G / A I ATCTCAGACTTCATCACCCA 



QC / 1 Qftl / Q£ 

GCATCCAACTCCAAGGATGA f /C) CCTGCCAAGGTGCTGCTAACT 



Oft /I Of»R vac 

GAGCTCAGGGATGGTGGATC 1 A/T ) GACTACCTTGGAAAGGOTOT 



M1/19F4/M2 

ni/ 171 it / A^i * 

TGGGGTTACTCGAAATAGGT ( A/T] AAATGCTTTGAGTATGTGTA 



N1/19H1/N2 

TACGCGCAGCACGGACTTGC [G/A] ACGCAAGCAATCGAGCTTTT 



B5/20B4/86-1 

GAAGCCCATGGTACGGAGCG IG/A1 GAGACAGTCAAGTACTTGGG 

B5/20B4/ 86-2A 

GAAAACGTCGCCAAGCCGAA [ /G) GGGTCCATCAGGAAGCCCATC 

fl*/20Bd / B6-2T? 

GTGAACGTCGCCAAGCCGAA [ / G 1 GGGTCCATCAGGAAGCCCATG 



Nl/ 2 061* /N2 

ikAPCQGTCACTGCTAAATCA TT /Al AAGGATCACAAGGCTGGGAC 



85/20C127 B6 

CTAGCCTACTTTGGGAAAAG ( /T ) TTCGTTATTGTTTTGTGTGG 



B5/20D2/86 

GACTTCAAGGACTTCGCCGG [ A/Cl AAATGCTCCGACGCTGTCAA 

N1/20D2/86 

CGCGGGAGTGCTCACCTCCG (T/Gl TCGACTCAGACCGTCGGCAA 



85/20D3-D6786-1A 

AAGAGGCTGAGGGGGCTAAA ( C/G] AGCAGGAAGAGCCTGAAGGA 

85/20D3-D6/86-1B 

GAGAGGCTGAGGGGGCTAAA IC/G) AGCAGGAAGAGCCTGAAGGA 

85/20D3-D6/86-1C 

AAGAGGCTGAGGGGGCTAAA fC/G] AGCAGGAAGAGCCTGAAGGA 

85/20D3-D6/96-1D 

GAGAGGCTGAGGGGGCTAAA ( C/G) AGCAGGAAGAGCCTGAAGGA 
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B5/20D3/86-2A 

GAGGAGGGCTACATGCACCT I G/A J AAQAOQCTGAGOGOGCTAAA 

65/20D3/B6-2B 

AGGAGCCCCTACATCCAGCT [G/A] AAGAGGCTGAGGGGGCTAAA 



85/20D6/B6-1 

GGACGGGCTACATGCAGCTA (G/A] AGAGGCTGAGGGGGCTAAAG 

85/20D6/86-2 

AGGGGGCTAAAGAGCAGGAA t G/C] AGCCTGAAGGAGAGTTGGAA 

65/20D6/86-3A 

GAGTTGOAACTGAATGATGT (T/C) CAACCTATGAAGAAGAAACA 

85/20DS/86-3B 

GAGTTOGAACTGAATGATGT tT/C) CAACCTATGAACAAGAAACA 

85/20D6/86-4A 

GATGTTCAACCTATGAAGAA ( G/C] AAACACCGAGGACCAACGAG 

85/20D6/B6-4B 

GATCTCCAACCTATGAAGAA tG/C) AAACACCGAGGACCAACGAA 

85/20D6/86-5 

AGATGAAACACATCGCCAAA t / G ) GATCCAAACACTCGAGAAAGA 

8S/20D6/86-5 

CCATTAGTGACCGAGCATGT t T / A ] CCTGTCACATTTGATGATTG 

85/20D6/86-7 

AGCAGGAAGAGCCTGAAGGA tC/G] AGTTGGAACTGAATGATGTT 

85/20D6/86-8 

AAACACATCGCCAAAGATCC [ CG/AA] ACACTCGAGAAAGAGTGGAG 

85/20D6/86-9 

ATCCTGTTGGTGAAGGATCA (C/G) TGAATCTGTCTTCTTACTTG 



N1/20D8/N2 

CTCATAGGCGATCTGGAOTA [T/G] GCAAATCGAATCTCCTCTCC 



85/20C12/86 

CTAGCCTACTTTGGGAAAAG f /T J TTCGTTATTGTTTTGTGTGG 



W1/20E1/N2A 

TGCACGCCTCACTTGTTCCT ( T/A] CCAATCTGACATCAAGGATT 

M1/20E1/N2B 

TGCACGCCTCACTTGTTCCT (T/A J CCAATCTGACATCAAAGAT7 



N1/20P1/N2-1 

KGTCTTTTTGACOTGAAAGC ( A/T 1 ACAAATGGAGATACCTTTTT 

N1/20F1/N2-2 

GANAAGACTTCGACAACACTtT/C) TGTTGGAGTNTTTGGTNTCT 



Nl/BoOa2/N3-l 

CCCATCTCATCCTTTCTTGA [ A/G] CCGTTGAATCAAGCTCCTGG 

Nl/BoC~a2/N3-2 

CCCGAGCCATTAGGACAAGA fT/C) GACTTCCCCTTTCACCAAAC 

Nl/BoC-a2/N3-3 

TACATTOTCATTGGTTGGTT 1 C / A ] TTGGGAAATAAAGTACCAAC 



85-SC3-L2 

QCACGCCCTAGAGTTGTTGC ( C/ A] AGAAGGAATGAACAATCTCA 

86-SC3-Z-1 

ATGGACGTTAAAAACGCTTT t T/C ] CTTCCCGGAAATCTTGCTGA 

86-SC3-N4-1A 

TCCCCGAAATCTTGCTGAAA f A/C) CGTTTACCTGCGACAACCAG 

86-SC3-N4-1B 

TCACGGAAATCTTGCTGAAA IA/C) CGTTTACCTGCGACAACCAG 

L1-SC3-N3-I 

ATCTTGCTQAAACCGTTTAC I C/ A ] TGCGACAACCAGCCGGTTTT 

L3-SC3-NS-1 

AACAAGCCTGATCACGTTTG IC/G) TTGCTTC ACAAATCTTTGTA 

N1-SC3-N3-1 

GAAGGCOTCCACTATCTTGA f A/G] ACCTATAGTCCTGTTGTTCG 

N1-SC3-N3-1 

G AAGGCOT C C ACTATCTTG A f A/G] ACCTATAGTCCTGTAGTTCG 

N3-SC3-N4-1 

CTTGAGACCTATAGTCCTGT [A/T] GTTCGGTCCGCCACAGTTCG 

N3/SC3/N5-1 

CACAGTTCCTACAGTTCTTC f A/C] CATTGCCACTGTTATGCACT 

L2/SC3/N3-1 

AACCAGCCGGTTTTGTTGAC [ C/ A] GAAACAAGCCTGATCACGTT 



L3/BL1/N5-1 

ATGTCTTCAAAGTGCTCTGT [C/T1 GCAACGCACGTCCGAACAAG 

ie/BLX/N5-l 

GTGCTCTGTTGCAACGCACG [ C/T] CCGAACGAGAAAGACAACGA 



fry g6 

2A7/2S7-1 

GACGAGATGGAAAGCAACCA I T / G ] AGGGTTCAGGAGAACCGGCT 

2A7/2B7-2A 

CAAAAATGCAAAATACTTAC (A/G] ACCTTGCTCAACAAGCTAAt 

2A7/2B7-2B 

GAAGAATGCAAAATACTTAC ( A/G] ACCTTGCTCAACAAGCTAAT 

2A7/2B7-3 

CCTATAAAAGCGCCACGACT rC/T) GACATTGCGGCTCCTGGGGT 

2A7/2B7-3 

TGATGATGGATCTCAGGCTA f T/G) TCCGCATGGTAAAAACTACA 
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2B7/2E7-1A 

AGAGCACGCATTG GACCTAT (A/T) AAAGGG CC ACGACTTCAGAT 

2B7 /2E7-1B 1 AGAGC ACCCATTCCACCTAT ( A / T 1 AAAGGCCCACCAGTCCAGAT 

2B7/2F7-1A 1 

GCGGTTOCTGCTGGAGCTCA 1A/G) AQAGCACGCATTGGACCTAT 

2B7/2F7-1B ITCGGTTGCTGCTGGAGCTCA 1 A/G ) AGAGCACGCATTCGACCTAT 

2B7/2F7~2A 1 ATaCAGGGCAAGAGAGCGAC f G/T1 CGCTTGCTCCTGCACCTCAA 

2B7 / 2 F7 - 2 A 1 ATGCAGGGCAAOAOAGGGAC (C/Tl CCCTTCCTGCT GGACCTCAC 



S71G2/G6-1 

ATAATACTTGATATGCCATT f C/T J TGTCCTCTTATTTTTAACAT 



S«?G1/G5-1 
S67C1/G3-1 

ATGCCCTCCTCC6CCACTGC I A/C) QTCGCTCCGTTCCATGGGCT 
GCCGCTCCTCCAGAAGCCTC I G/A) GCAACGTCAGCAACGGCGGA 

S67G1/G3-2 

GTCTTQCCCATCCCATCCCA C A/T J TTCCCAACCCCAAACGAACC 

S67G1/G3-3 

CTACCTGCC6CCGCTCTCGA f CG / AC 1 GGAC CACCTCCTGAAGCAC C 

1 

S6SG2/G3-1 

AGTGAGCCCCCTTCTTATTC f ft ) TAAGGT GAT AGGTTTCTAAA 

S66G1/G3-1 

AATGTAATGGTACTCCGCGC tT/C) ATGCCTCTCCTACTTAGGAA 

S66G1 /G2-1 1 AAATAGGCTCGGGCAATTAT IC/J CAGCTTAGGGACAGCAAGCG 



S6SG3/G6-1 

TCCCCCCTGCCTCCGCTTTT t A/T ) GCCCG ACCTTC GAAACATTC 

565C3/G6-2 

ACCACTGACCTAGCACCTCC f 6/T ) ACTTCTCGTTGTAAAACCCC 

S65G3/G5-1 

GOAGGTTCGCCTCATCTTAT T C/T) GTTGACGACCCACATCCACT 

S65G4/G6-1 

GCTC CGACTTCCAATCTTGA I A / C 1 CCTCCACCCTCCCTCC6GTT 



S64G1/93-1 

CTCGTTGAAATCTGTTGAAG f C / A 1 TACTAGT6ATGAACT0CTT0 

S64Gl/g3-2A 

GCTGCTCCAAGCCACCCCGC tC/G) CCGAAAAAGGAAAAAGGTGA 

564G1/Q3-2B 

GCTGCTCCAAGCGAGCCCGC t C/G) CCGAAAAAGGAAAAAGTTGA 

S64Gl/o3-3A 

ICGCCCCGAAAAAGGAAAAAG I G/T) TGAAGGTCCTTACTCACCGA 

S64Gl/a3-3fi 

CCCOCCGAAAAAGGAAAAAC f C/T) TGAAGGTCCTTACTCACCCA 

S64Cl/a3-4A 

GAACCGCCCACAGTGCCTGA f T/ A ) TTTGGCGGTGAGACCTCTTC 

9S4G1/Q3-4A 

OAACCCCCCACAGTGCCTGA ( T / A ) TTTGGCGGTG AGACTTCTTC | 



563G5/G6-1 

CAATTGTTACCTGAGCAAGA ( T / ) TTTTGT G I ACTTGAC XTGT T 

S63G4/G6-1 

TACTGAGAGAATCCAACATC \ C/G) AGCATTCTGTGATTGGAGTC 

S63G4/G5-1A 

TTTTAGTGTACTTGACTTGT IC/T) CTCCTCCACAGATGAAATAT 

S63G4/G5-1E 

TTTTTGTGTACTTGACTTGT tC/T) CTCCTCCACAGATGAAATAT 

S63G3/G6-1 

TCT OT GATTGGAGTCTOCTC t G/ A ) CGTGTCACCTCTGGATGTCA 



SS7G5/G6-1 

1 AACTACAAAAAGCATCTCCT I C/T 1 GGATTTGGC7ATCTCCTTTT 

S57G2/G5-1 


S57G2/G3-1 

1 TCAATCCAATC AATTT AATT t T / C 5 CTTCCTTTAAAAATATTATC 

S37G1/G2-1 

TTACTACGAAAAACTCTTGA [G/T) TCTAGGAATTTCAATTTCTC 

357C1/C2-2A 

CTTCTTGGATTTTGCTATCT TT/C) CTTTTACTACGAAAAACTCT 

S37C1/C2-2B 

CTCCT T CCATTTTGCTATCT tT/C) CTTTTACTACGAAAAACTCT 

S37G1/G2-3A 

i TTTTACTAC G AAAAGCATCT f T/C) CTTCCATTTTCCTATCTTCT 

S57G1/G2-3B 

i TTTTACTACG AAAAGCATCT T T / C 1 CTTGGATTTTGCTATCTCCT 

S57S1/G2-4 

iGAAGCCAAATCCTATTATTTt T.'C) CTCCCTCTAGGGTCTOAATC 

1 

S56G4/G6-1 

ICTACACTSTTACAATCACAC fT/Gl TAGTGAAGCGCAACACAGAT 
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S56G4/G6-2 

GCCTTATC ATCCTCTAGGTA t T / A ) TGGAGACGAGTGACCAGTCT 

S56G4/G6-3 

CTTTTCTTCAGACCCGAGCC (C/T) CCAATCGCGCCCTTCTGTGC 

S56G4/G6-3 

CTTTTCTTCAGACCCGAGCC I C/T] CCAATCGCGCCCTTTTGTGC 

S56G4/G5-1A 

GAGCCCCCAATCGCCCCCTT (C/T) TGTGCCTTGGCCTTGAGCTC 

S56G4/G5-1A 

GACCCTCCAATCGCGCCCTT ( C /T ) TGTGCCTTGGCCTTGAGCTC 



S55G1/G3-1 

GAAGGAGCAGCAGCGCAAGG (A/ ) ACGTGTTCCAAGTCAACGTC 



<5 5 4G2 / G3 - 1 1 GTAGAAAGTTAGCAAAAACA ( T/ ) TTTTTTAGTGAAAAAACATA 

S54G2/G3-2 




S53G5/G6-1 

GCAAACCAACACCAATCTTC [ G / C ) AAATGAGCAAAGCAGAGACT 

S53G5/G6-2 

CACATCGGTTGTCCTCAGAG [A/ ) AAGTCAC CTACCTGCAAACC 

S33G5/G6-3 

AATTCTACATAGGAGTCATG [C/T] ACAAGTACTTGTTTAAAGGA 

S33C5/G6-4 

ACAACTACTTGTTTAAAGGA [ C / ) CATGCCGGAATACAC6CTGC 

S53G5/G6-5A 

GAGCGAGATCGATCCTGTTG (T/C) CATCCATCACTGCCATAGGA 

S53G5/G6-5B 

GAGCGAGATCGATCCTGTTG (T/C) CATCCATCACTGCCGTAGGA 

S53G4/G6-1 

TAGTCATAGCAACAGCATGC IG/A] TCGTGATGTAGCGTTCACCC 

S53C4/G6-2 

CAATTGAAGAGGAAAAAAAA ( /TJ TCT ACATAGGAGTCATGTAC | 

S53G4/G5-1 

CAGAGACTCCACAAGGCGAA ( A/C) GGAGTCCACAATAGTTCGTC 

S53G3/G5-1 

CCCACGGCGGGAGATGGTGG t T/ 1 TAGAAGCGGAACCACCGAGC 

SS3G2 /G6-1 

ACTTGTTTAAAGGACATGCC [ G/ ) CGAATACACCCTGCCCAGGC 

S33G2/G3-1 

CCCAGGCCTTCCCACGGCGG ( A/GJ GATGGTGGTTAGAAGCGGAA 

S53G1/G6-1 

CAAAGCAGAGACTCCACAAG I A/C ] CCAACAGAGTCCCCAATAGT 

S53G1/G6-2 

GAACAGAGTCCGCAATAGTT (T/C) ATCCTAATGCTACTTCGAGC 



S49G2/G6-1 

TGCTGCTGCACTTGCTCATC I C/C) TTACTGATTTCCTGAAATGT 

S49G2/G4-3 

TGCTGTAAAAAACGAGTGGA ( C/G) TCCTAGTGTGTCGTGCGCTG 

S49G2/G4-3B 

CGCTGTAAAAAACGAGTGGA (C/G) TCCTAGTGTGTCGTGCGCTG 


TGGCTCTAGCGAAGCGTAAA ( GA/ ] GAGCAACGAAAGCAAGCGAG 

949G6/G1-3 

TTTGCGCGC AATAAATCAGA ( A / G ] AGCTGATCTGAATCTGACCC 

S49G5/G1-2 

CAAGCAAGCAAGCTGTCTGT (C/T J CGTATGTGTCTGGCATGTTA 

S49G1/G4-1 

CGCTGTAAAAAACGAGTGGA (C/G) TCCTAGTGTGTCGTGCGCTG 

S49G1/G4-2 

TCTAGCGAAGCGTAAAGAGA I G/T) CAACGAAAGCAAGCGAGCGA 

S49G1/G4-2B 

TCTACCGAAGCGTAAACAGA (G/T) CAACCAAAGCAACCGAGCAA 

S49G4/G1-1 

GTAAAGAGATCAACGAAAGC (A/G) AGCGAGCAAGCAAGCTGTCT 

S49G1/G3-3 

TGATTTGCTGAAATCTTGGC ( G/T ) TTTTTCTTGGTTGTTCGCCG 

S49GX/G3-3B 

TGATTTGCTGAAATGTTGOC ( G/T) TTTTTCTTGGTTGTTGCCCC 

S49G4/G6-2 

CGCTGTAAAAAACGAGTGGA ( G/C ] TCCTAGTGTGTCGTGCGCTG 

S49G4/G6-2B 

TGCTGTAAAAAACGAGTGGA (G/C) TCCTAGTGTGTCGTGCGCTG 

S49G4/G6-3 

CTCTAGCGAAGCCTAAAGAG 1 AT / J CAACGAAAGCAAGCGAGCGA 

S49G4/G6-3B 

CTCTAG CG AAGC GTAAAG AG | AT / ) CAACGAAACCAAGCGAGCAA 

S49G4/G5-1 

CGGTGACCCGATGATTATGG (T/C) GGCGG CC ACACCTGC AATGA 

S49G4/G5-1B 

CGGTGACCCGATGATTATGG (T/C) GGCGCCCACACCTCAAATGA 

S49G4/G2-1 

CGCTGTAAAAAACGAGTGGA [G/CJ TCCTAGTGTGTCGTGCGCTG 

S49G1/G6-1 

TTTGCGCGC AATAAATCAGA (C/A) AGCTGATCTGAATCTGACCC 

S49G1/G6-2 

TGCTGCTGCACTTGCTCATC [G/C] TTACTGATTTGCTGAAATGT 

S49G1/G6-3 

TGGCTCTAGCGAAGCGTAAA [GA/ ] GAGCAACGAAAGCAAGCGAG 

S49G1/G5-1 

TGATTTGCTGAAATGTTGGC [ G / ) TTTTTCTTGCTTCTTGCCCG 


r ::'-: 11 
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S49G1/C4-1 1 

"CTAGCGAAGCGTAAAGAGA ( G / T ) C AACG AAAGC AAGCGAGC GA 

S49G1/G4-1 1 

rCT AG CO AAG C G T AAAGAG A ( G/T ) CAACGAAAGCAAGCGAGCAA 

S49G3/G6-1 < 

:CACCCCGTTGC AGTGCTGT ( /T ] GCTGCTGCACTTGCTCATCG 


- _ — 

S48C3/C6-1 < 

3ATTCAGAAAC AGTGGCGGC ( A / G ) GATGTAGCATCAACACGCCC 



S47G1/G3-1A 

rACTCCTCCAAGATCTTATG [ /Al AATCGTTCTGAGCTTATCGG 

S47G1/G3-1B 

CACTCCTCCAAGATCTTATG [ /A ) AATCGTTCTGAGCTTATCGC 

S47G1/G3-2 

GCAAGCTGGAGCACGOTACT f A/G) TAGTAGCCGCCGGCCAGGGA 

S47G1/G3-3 

GGAATACTCGATAGGCTCCC f A/G) CTGTGGGTAACAGTATTCCT 

S47G1/G3-4 . 

CTCCTCGTGGTAGTGACGAT I G/C ) ATTGCATCGGTGCCACAGGC 



S46G5/G6-1 

CCCCCCACCAGCACCACCGG ( /CC J CCCCGGCCAATTGGACCCAA 

S46G3/G6-1A 

GAAACAAGGGATAAAATGGG (G/A) AAAAAATCATTTTCCCTGAC 

S46G3/G6-1B 

GAAACAAGGGATAAAATGGG ( G / A 1 AAAAAATCATTTTCCCTAAC 

S46G3/GG-2A 

GGGAAAAAATCATTTTCCCT ( G/A) ACCTTTACCACCACCATTAC 

S46G3/G6-2B 

GGAAAAAAATCATTTTCCCT ( G / A ) ACCTTTACCACCACCATTAC 

S46G3/G6-3 

CAATTGGACCCAAACCAAAA I A/ C ) C AAACCCAACGGCTTTTC CT 

S46G2/G6-1 

CGCGGTTTTCCCGGCOGCTA [T/C1 GCGGGCGGGCCOCCGGCCCA 

S46G1/G6-1A 

GCGGGCGGGCCGCCGCCCCA I A/T) CGTAACCTACCACCCTATTT 

S46G1/G6-1B 

GCGGGCGGGCCGCCGCCCCA { A/T) CGTAACCTACCACCGTACTT 

S46G1/G2-1 

rrCGGTGTCACTGACCTGTA [ G/A) CATC AGC AGTAGCAGCGC CC 



S4SG5/GS-1 

ATOAGTATATTCAAGTCATA T T / C 1 T GT GAAC T AGAAT GTT ATTT 

S45G5/GS-2A 

CCTAGACGCTGACCGCCACA t G / A) ACGGCGGCGGCTGCCAAATC 

S45G5/GS-2B 

CCTAAACGCTGACCGCCACA [G/A] ACGGCGGCGGCTGCCAAATC 

S45G5/G6-3 

TGAACAAACCATGCGCTACC [ C / T ) AGCTACGTGTTTTAAAGTAA 

S45G4/G6-1 

TCCGCGGAAACAACATCCGA I G/T) TTCTTGAGGATAACCCAGCT 

S45C4/G5-1 

GGGAGGGGAAAAAAAAAGAA [G/A) AGCGTTGCTTCCGGTTCAGT 

S4SG4/G5-2 
S45G2/G4-1A 

GGCGGCTGCCAAATCCCCGG I /A) AAACGACATCCGAGTTCTTG 
CTAGAATGTTATTTCTTCAC [C/A) GTTGACCATGCAAAAAAACA 

S45G2/G4-1B 
S45G2/G4-2A 

CTAGAATGTTATTTCTTCACtC/A) GTTGACCATGGAAAGAAACA 
TTCACCGTTGACCATGGAAA [ A/G) AAACAGTAATAAGTTCTTGT 

S45G2/G4-2B 

TTCACACTTGACCATGGAAA [A/G) AAACAGTAATAAGTTCTTGT 

S45G1/G6-1 

TTCTTCACAGTTGACCATGG [ / A 1 AAAAAAACAGTAATAAGTTC 

S45G1/G5-1A 

GAACCCACCGTGCCCTGGGA [ /Gl GGGAAAAAAAAAGAAGAGCG 

S45G1/G5-1B 

GAACCCACCGTCCCCTGGGA { / G) GGGAAAAAAAAAGAAAAGCG 

S45G1/G5-2A 

TGGGAGGGAAAAAAAAAGAA [ G / A 1 AGCGTTGGTTGCCGTTCAGT 

S45G1/G5-3 

CGTACCAGCTAGGAATCGTA t A/G) AAAAG CCTAGACGCTGACCG 



S44G5/G6-1 

. .. 

G CTGC GTC AATC ATC ACTTC [T/A) CCCACAGCCCTCAACTACAC 

S44G3/G4-1 

GACAGATTCCAAAGTAGTCG IC/T) CGGCCAGGTCGAAAAAGAAT 

S44G2/G6-1 

GGCGCTCCGTC AATC ATCAC (A/T) TCACCCACAGGCGTCAAGTA 

S44G2/G4-1A 

TCGGTGTCACCACATGCATA (T/G ) TCAGGACAGATTCCAAACTA 

S44G2/G4-1B 

TCOGTGTCACCACATCCATA (T/G) TCAGGACAGATTCCAAAGTA 

S44G2/G4-2A 

GTCGCCGGCCAGGTCGAAAA [ G/A) GAATACTCAGCAAAAGACCC 

S44G2/G4-2B 

GTCGTCGGCCAGGTCGAAAA I G/A) GAATACTCAGCAAAAGACCC 

S44G2/G3-1A 

TATTCAGGACACATTCCAAA (C/G) T AGTCGCCGGCCAGGTCGAA ' 

S44G2/G3-1B 

TAGTCAGGAC AGATTCCAAA I C / G ] TAGTCGCCGGCCAGGTCGAA 
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S44G1/G6-1 

GCGTCAAGTACAGATACGCA (A/G) CACGCCTCAGCTTCGCCTTG 

S44G1/G2-1 

CCTGGGACTCCGCAAATTGC (G/A) AGCACTCGGTGTCACCACAT 



S43G2/G6-1 

GCTGGTTCATTATCTGACCT t G/TI GATTGCATTGCAGCTACAAG 

S43G2/C6-2 

CTGGATTGCATTGCAGCTAC (A/G) AGAAGCCCGTGGAAGGCC GG 

S43G2/GS-1B 

GCTGGTTCATTATCTGACCT (G/T) GATTGCATTGCAGCTACGAG 

S43G2/GG-2B 

CTTGATTGCATTGCAGCTAC t A/G] AGAAGCCCGTGGAAGGCCGG 

S43G2/G6-3 

TCAGCCCCTACTACCCCGAA [ G/ ) GAGCTCATCTCCGGCATCGC 

S43G2/G5-1 

T ACCCGGAGCTGAACCTCCC [C/Gl GAGAGATTCAAGTCGTCCTT 

S43G2/G4-1 

TGCATGTGAACATTCATGAA [T/CI GGTAACCCACAACTGTTCGC 

S43G6/G1-1 

CTCCTACCACGGCCGGTTCG [T/ ) CCTTCTCCGACTACCCGGAG 

S43G1/G6-1 

TGAATGGTAACCCACAACTG f C/T ) TCGCGTCCTGCTGGTTCATT 

S43G1/G5-1 

GCCGACAGGGTCCTCACCGT tG/C) AGCCCCTACTACGCCGAAGA 

S43G2/G6-1 

CCTCGTTCATTATCTGACCT tG/TI GATTGCATTGCAGCTACAAG . 

S43G2/G6-1B 

GCTGGTTCATTATCTGACCT [G/T] GATTGCATTGCAGCTACGAG 

S43G2/G6-2 

CTGGATTGCATTGCAGCTAC ( A/Gl AGAAGCCCGTGGAAGGCCGG 

S43C2/G6-2B 

CTTGATTGCATTGCAGCTAC (A/G] AGAAGCCCGTGGAAGGCCGG 

S43G2/G6-5 

TCAGCCCCTACTACGCCGAA (G/ ) GAGCTCATCTCCGGCATCGC 

S43G2/G4-1 

TGCATGTGAACATTCATGAA (T/C ] GGTAACCCACAACTGTTCGC 

S43G2/G3-1 

CTGCTCCTCCTCCTTCTCTG [AAAC/1 TGAAACTGAAACTGACTGCA 

543G2/G3-3 

GACC ATCTT C AC GTACTACC [TACC/ ] AGACCGCTTTCTGCATCCAC 

S43G1/G6-1 

CTGACCATCTTCACGTACTA ( CCTA/ ) CCAGACCGCTTTCTGCATCC 

S43G6/C1-1 

CTCCTACCAGGGCCGGTTCC ( T/ ] CCTTCTCCGACTACCCGGAG | 

S43G6/G1-1 

GAOATTCAAGTCGTCCTTCG t G / ) ATTTCATCGACGGGTCTGTT 

S43G1/G6-2 

TGAATGGTAACCCACAACTG (C/T] TCGCGTCCTGCTGGTTCATT 

S43G1/G6-3 

GCCGACAGGGTCCTCACCGT ( G/C) AGCCCCTACTACGCCGAAGA 

S43G1/G5-1 

TCTGACCATCTTCACGTACT ( ACCT/ ) ACCAGACCGCTTTCTGCATC 

S43G1/G4-1 

CTTGATTGCATTGCAGCTAC ! G / A ] AGAAGCCCGTGGAAGGCCGG 

S43G1/G4-1 

CTGGATTGCATTGCAGCTAC ( G / A ) AGAAGCCCGTGGAAGGCCGG 

S43G1/G3-1 

GCTGGTTCATTATCTGACCT IT/G] GATTGCATTGCAGCTACGAG 

S43G5/G6-1 

AGAGATTCAAGTCGTCCTTC I G/ ) CATTTCATCGACGGGTCTGT 



542G6/G7-1 

CTTTTAGGCCTTGACAAATC ( A/G ] CAATCCGGCCCCTTTTGATC 

S4206/C7-2 

CTGCACTTGTGCAGACCATC ( A/ G ) CCCTGATCGCTGTCAGGGAG 

S42G5/G7-1 

CTTTGCTCTGCACTTGTGCA ( A/G ) ACCATCGCCCTGATCGCTGT 

S42G5/G7-2 

TCGCTGTCAGGGAGGGCGTC (T/G) TGCAGCTCGGCTCCATGAAA 

S42C5/C7-3 

CAGCTCGGCTCCATGAAAAA ( G/ ] GTGCCGCTACTCTCTCACTC 

S42G2/G7-1 

GTTCTCTGCACTCCGATTGA (G/ A) GGTCCGAAGCAGGGCAGCGC 

S42G2/G6-1 

CTCCATGAAAAAGGTGCCGC [ /G] TACTCTCTCAGTCAGCTACT 

S42G2/G3-1A 

CTGCACTCCGATTGAGGGTC (C/G) GAAGCAGGGCAGCGCGTGTG 

S42G2/G3-1B 

CTGCACTCCGATTGAGGGTC (C/G) GAAGCAGGGCAGCGCGTTGT 

S42G2/G3-1C 

CTGCACTCCGATTGAGGGTC (C/G) GAAGC AGGGCAGCGCGTTTG 

S42G2/G3-1D 

CTGCACTCCGATTGAGGGTC t C/G ) GAAGCAGGGCAGC3CGTTTT 

S42G1/G7-1 

CAGCTCGGCTCCATGAAAAA (G / ] GTGCCGCTACTCTCTCAGTC 



S41G2/05-1 

GATAGCCACATAGAACCTAT [G/T] CCTCCAGCTAACAACACGAG 

S41G2/G5-2 

CCCTCTTGACTCCTGCCGAT [T/G] GAGAAATAATTTTTTAGTAT 

S41G5/G2-1 

TTAGTATACCCATGACTATC ( T / ] TACTAAACTCTGTCAAAGCT 

S41G2/G4-1 

TGACTCCTGCCGATTGAGAA ( A/G] TAATTTTTTAGTATACCCAT 
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S41G3/G1-1 

CGCC AGATGAACC AGCTC AC ( TA / AGT ) ATCCTGCAAGAGATATCCCT 

S41C1/G3-1 

TTGCAATCAGAGAACATCGA tT/C) CAATAACTGACCTTCCTTTC 



S40C5/G4-1 

ACAATAAATGTATTAATATA [T/C] TTTTTATAAATTTAATTCAA 

S40G4/G2-1 

AAGTACATGACACCTCCGGA IG/A) ATACGGCCAAGAATCCCGCA 

S40G4/G1-1 

AGACGCTTGAAACGCATAAG [T/ ) TACATGACACCTCCGOAGAT 

S40G1/G4-1 

TTCCGTATGGACCAATCCAT [ /C ] CACGGCTTTGGAGCTTAACG 

S40G1/G4-2 

GGAGCTTAACGATACCAATC ( GA/CG] AAATTCCCTCGCCGGGCAC 



S30GS/G7-1 

GAGATATATGGTACTTCTAG [G/T] AGATTCAAAGACATGGACCA 

S38G5/G7-2 

ATAATGATGGAACCATGACT t G / A 3 CCGAAGATGAACCAACCTTG 



S37G6/G2-1 

GGTCAATAAGATAACTACAC tC/AJ AAACTCTGCGTACAGTCTCG ! 

S37G2/G6-1 

GTCACTTACTCTGCTCGTGG f A/ ) AAGAAGTACTT6CCCTGCAG 

S37G2/G5-1 

GTCACTTACTCTGCTCGTGG [ A/ ) AAGAAGTACTTGCCCTGCAG 

S37G2/G4-1 

TCTTAT CAATTCT6TGCATT f C/T] AATACGATCAGCCAGACACT 

S37G2/G4-2 

TCTTATCAATTCTGTGCATT f C/T) AATACGATC AGCCAGACAGC 

S37C2/04-3 

AATTCAGCTCAAATCATAGO I T / G ) CAATAAGATAACTACACAAA 

S37G2/G4-4 

GTCTCCCGGATCCAGAATCC [ C/T) ACCGCGTTACATCGCCTTTC 

S37G2/G3-1 

CAGCGACAACATGCATAAAAIG/TJAGCAGGTCCAATTCAGCTCA 

S37G3/G2-1 

CCTTTCGGCCGCTCAQGGCA [ /T] AACAAAATCCCCTCTACCCC 

S37G3/G2-2 

GCGTCACTTACTCTGCTCCT t /G) GAAAGAAGTACTTGCCCTGC 

S37G2/G3-2 

TCCAGGCCGCACCCGAACCG ( / A) ATCGAACGCCTGACCGGTCT 

S37G2/G3-3 

ACATCGCCTTTCCCAAACCC \G/C) CCATCTCCCCAGGCCGCGGC 

S37G1/C6-1 

GGGCAATAAGATAACTACAC [ A / C ] AAACTCTGCGTACAGTCTCG 

S37C1/G6-1B 

GGTCAATAAGATAACTACAC [ A/C) AAACTCTGCGTACAGTCTCG 

S37G1/G6-2 

AATTCAGCTCAAATCATAGG I T/G ) CAATAAGATAACTACACCAA 

S37G1/G6-3 

CAATACGATCAGCCAGACAG [C/T] CACTGTGCAACATCAGCAAA 

S37G1/G6.-3 

CAATACGATCAGCCAGACAO I C/T) CACTGTGCAACATCAGCGAC 

S37G1/G6-4 

CTCCTTTCGGCCGCTCAGGG TC/AJ AGACGAAATCCCCTCTACGC 

S37G1/G6-5 

CGAAATCCCCTCTACGCCCG [C/T) AGTGCTCCGCTAATCGATGG 

S37C1/G5-1 

AAGGGAGGGTGATCTCGGGG [7/ ) TGTGCCAGAGGGATGGCGTC 

S37G1/G4-1 

CAGCCACTGTGCAACATCAG (CA/AG) AAAACATGCATGAAAGAGCA 

S37G4/G6-1 

GTCTCCCGGATCCAGAATCC fT/CJ ACCGCGTTACATCGCCTTTC 

S37G4/G5-1 

ATCGATGGACAAGGGAGGGT T A / G 1 ATCTCGGGGTGTGCCAGAGG 

S37G4/G5-2 

CCATCTCCCCAAGGCCGCGO f C/G) GGAAGGCGAAAACGAATGCG 

S37G4/G5-2B 

CCATCTCCCCAAGGCCGCGG t C/G] GGAAGGCGAAAACGATGCGA 

S37G3/G4-1 

CCTTTCGGCCGCTCAGGGCA [A/GJ ACGAAATCCCCTCTACGCCC 

S37G3/G4-2 

ATCGATGGACAAGGGAGGGT f G/A) ATCTCGGGGTGTGCCAGAGG 



S36G2/G5-1 

TTGTCATGACCAACAGTGTC f G/ A ) GTGGGGTGGTCTCGTTGGAT 

53€G2/G5-1B 

TAGTCATGACCAACAGTGTC fG/A) GTGGGGTGGTCTCGTTGGAT ! 

S36C2/G5-1C 

rTCTCATGACCAACACTCTC fG/A) CTGCGGTCGTCTCGTTGGGT 

S36G2/G5-1D 

rTGTCATGACCAACAGTCTC (G/AJ GTGGGGTGGTCTCGTTGGGT 

S36G1/G6-1 

rGTCACTTTTTAGTGGTGTT t C/T) AGACTAAGGATGCTGACATT 

S36G3/G6-1 

rCACTTTTTAGTGGTGTTTA [C/G] ACTAAGGATGCTGACATTCT 

S36G3/G6-2 

rCCTTCGAGCATGACAAGAT fG/A] TCTTCTCTTC CTTGTGCAAC 

S36G3/G6-2B 

rCCTTCGAGCATGACAAGAT [ G / A ) TCTTCTCTTCCTTGTGTCAC 
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L-,. r -, , rfi i j^rfftxtfiVTACATTCATTTAA [ C/ A) ATGTCAGATAAAGAAAACTC 

S35G3/G6-1B 1 

CTGAQATACATTCATTTAA IC/A) ATGTCAGATAAAG AAAAGTA 

S35G3/G6-3 T 

•CCTTATAATATCGTTCATA ( C/ ) CCCTGTTTGTCAGTTTGTAG 

|s35G3/G$-4 g 

tACCAGTAGTCTCQTGGTACtT/ ] TTTTTTTTTSSGCATGTGGG 

S35G3/G6-5 1 

'GCATGTCGGCAGGTACATA [ A/T ) ATTAAACATTCTAGGTATTT 

S35G1/G4-1 C 

% ATTGAGGATTAATACTTTT (G/TJ GACATGTTTGTTAATTTTTA 

S33C3/06-7 1 

7GCCGCCTC AAAATGGTTTA [ A / G ] ATCTTTAAGCTGTCTTCCAC 

335C3/G6-7B JJ 

P GCCGCCTCAAAATGGTTTA I A / G ) ATCTTTAAGCTGTCTTCCTC 

S3SG2/G6-1 < 

"ACCAGTAGTCTGGTGGTAC ( / T ) TTTTTTTTOC ATGTGGGCAG 

S35C2 /G6-2 

PGCATGTGGGCAGGTACATA [G/Tl ATTAAACATTCTAGGTATTT 

S33G2/Q6-3 J 

3GTTCGCACCATATCATGATIC/T) GCAATGCCGCCTCAAAATGG 

S3302/G3-1 [ 

ZCTACTTGTAGAACAATAGA [ G/ A) GTGTTCTCT ACCT CTGAG AT 

S35C2/G3-2 

GCTCGAACTTCTAGTTGATT ( A/ G] CATGATTCCTATTACTGTTG 

S35G4/G5-1 ... _ 

GGTTCGCACCATATCATGAT (C/T] GGAATGCCGCCTCAAAATCG 



S34G3/CS-1 

CATCCCTCTGTTGATATTTT ( G /C ) GTGCACCTTTTGCTTGCAAC 

S34G3/G5-2 

GATTTTGTAGGTTGATGCAT [C/T] GTTTGATCTTTCTTATCTCC 

S34G3/C5-3 

TGCTTGCAACTAAATTAATC (A/G] TGCTCTATTTGACTAAGAGT , 

S34C3/C4-1 

ACATCTCCAGGACGCATGOT I C/] CCCAATATTGTTGTTGGAAG 

S34G3/G4-2 

TTGATCTTTCTTATCTCCTT t/C) CGAATTTGTTCTGTCTTATA 

S34G3/G4-2B 

TTG ATCTTTCTTATCTCCTT { /CI CGAATTTGTTCTGTCTATAC 

S34G2/G5-1 

TGTAGGACTTCGAGAGCTTG (A/G) TAATTTACAC ATGCCTCTGT 

|s34G2/G5-2 

CATGCCTCTGTTOATATTTT tG/C] GTGCACCTCTTGCTTGCAAC 

|s34G2/G5-3 

GATTTTGTAGGTTGATGCAT C C / T ) GTTTGATCTTTCTTATCTCC 

|s34C2/C3-l 

GAGACATTTCCTACTCAATA I C/Tl AATTATTTGATGAAATTATT 



S33G5/G6-1A 

AGTATC ACAGACTAATCTGA ( A / G 1 TATCTG GTTGC CACGAAAAC 

S33C5/C6-1B 

ACTATCACAGACTAATCTGA ( A/G] TATCTGGTTGCCACAAAAAC 

S33G5/G6-2 

TCAAAGTGGTGCAATCGCAA (T/Cl CCACTTGGGCTTGCCGTGGT 

S33G5/G6-3 

CCACTTGGGCTTGCCGTGGT I C/ ] COTATCGTACGCAGGTAGCA 

S33G5/G6-4 

AGCATTTTTTCTTTTOTTTT IT/C1 CCTTGGCAGACAACAGACAG 

S33G5/G6-5A 

CAGTCCCGAGAATCCCAAAT f C / 1 CAGAAAAAGGTTTTGTTTTT 

S33G5/G6-5B 

CAGTCCCGAGAATCCCAAAT [ C / ) CAGAAAAAGGTTTTGTTTTA 

|s33G4R/G6-lA 

GGCAGACAACACACAOATCA ( AG/CA) CATGCTTGCATTTACTCCCA 

|s33G4R/G6-lB 

GGCAGAC AACAGACAGATCA ( AG / CA 1 CATGCTTGCATTTACTCTCA 

S33G3R/G6-1A 

GTGATCACAGACTAATCTGA I A/G] TATCTGGTTGC CACGAAAAC 

S33G3R/G6-1B 

CTGATCACAGACTAATCTGA [ A/G] TATCTGGTTGCCACAAAAAC 

|S33G3R/G6-2A 

TCTGAATATCTGGTTGCCAC ( G / A] AAAACCGGGACACAAGAGAG 

S33G3R/G6-2B 

TCTGAGTATCTGGTTGCCAC 1 G / A ] AAAACCGGGACACAAGAGAG 

S33G3/G6-3 

TCAOTCAAACTCAGTCCCGA f A/G) AATCCCAAATCAGAAAAAGG 

S33G3/G5-1A 

GGTTGCCACG AAAACCGGGA T C / G 1 ACAAGAGAG AAACTCAGAGT 

S33G3/G5-1B 

GGTT6CCACGAAAACCGGGA t C / Gl ACAAGAGAGAAACTCAAAGT 

S33G2R/G3-1A 

ACGCATGCTTGCATTTACTC IC/T] CAGTC AAACTC AGTCCCGAA 

S33G2R/G3-1B 

ACACATGCTTGCATTTACTC ! C/T] CAGTC AAACTC AGTCCCGAA 

S33G1R/G2-1 

TATTATTCAATTTTGAATAA t /G) GAAGGAAATTTTAGCACCTC 



S32G3/G5-1 

ATTAATAAATGCATCCTCTG { C /G) TAAAAAAACCCATTTTGAAT 

S32G3/G5-2 

ATGAATTGAAGCTCTGAATA 1 C/T] AGAATCCACCATTCTTCCGA 

|s32G3/G5-3 

CAATCCACCATTCTTCCGAA (A/G) CTGCTTCCTACAAAACTCGA 
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S32C3/G5-4 < 

3AAAGGATGTGTTTTTGATA [ G/A) CCTTCAGTCTTTCAGATGGA 



S31G3/G5-1 < 

SAATGTCTTGTTCGTTATCA ( A / G J CGAAAGTTTGAATCCCCACA | 

S31G3/G4-1 

rGTATCGGCTAGTCTGGATG (G/A) TCGCACTGGCACTCAGTGCT 



S29G4/G5-1 

rCTATTCAGCAGTCTGAGAA t GC A / CT ) AGGATGGTCGGCTTCTTCAG 

S29G1/G5-1 

CCTTACACTATTAACAGGCC [C/T] GTGATCTACCTGAATGCCTG 



S28G5/G6-1 

CAAGAAGCCTCTTCAGTGTC 1 A/C] GTCGTAGCTTCCTCAAGACC 

S2SG5/G6-2 

AGACCTTCCTGATGTGCGGA [?/C) GCTAATCCATGGAGCAGGGA 

S2BG5/G6-2B 

AAGACCTCCTGATGTGCGGA (T/CJ GCTAATCCATGGAGCAGGGA 

S2BG5/G6-3 

CTAATCCATGGAGCAGGGAG (G/A) AAGGGGCGAGGGGCAGCAAG 

S28G4/G5-1 

TCGTC CCGAATAC AGCCGGG f G / C ) GAGGCGGTGGTCGCGACTGG 

S28G3/G6-1 

GTCGTAGCTTCCTCAAGACC ( T / ) TCCTGATGTGCGGACGCTAA 

S2BC3/64-1 

GAGTCGTCCCGAATACAGCC I A/Gl GGGGAGGGGGTGGTCGCGAC 

S28G3/G4-2 

AGGGGGTCCTCGCGACTGGA ( T/G] CGCCCGAGCAGCGAGCAAGC 

S28G3/G4-3 

AAGCACATGTTTTAACCTTT (T/G) ATTCAAACTTTCCAGCCGTT 

S28G3/G4-3B 

AAGCACATGTTTTAACCTTT (T/G) ATTCAAACTTTCCAGCGTTA 

S28G2/G6-1 

GAATGTTGCTGTTATATTAC ( T/ C ) CGTAGGTGACAAAGGGTTCA 

S2BG2/G4-1 

AGAAAAATTTACATAAAAAA ( G/C ) CACACTCCATGATTGTTAAA 

S28G2/G4-1B 

AGAAAAATTTACATAAAAAA ( G/C) CACACTCCATGATTGTTTAA 

S2BC2/G3-1 

CTTTTATTCAAACTTTCCAG [ /C ) CGTTAATTTGTTATCCGTTG 

S2BG6/G1-1 

TGTTGAACATGCTCTCACCA I /CO CCCCCTATTGTGACACAGCA 

S28G1/G3-1 

TACATCTTAACAAGCACATG ( TG/TTT] TAACCTTTTATTCAAACTTT 



S27G3/G6-1A 

AGTAATGTGTGACTGTGGGC tC/O) CGTGTGACAG CTTTTACGTA 

S27G3/G6-1B 

AGTAGTGTGTGACTGTGGGC (C/G) CGTGTGACAGCTTTTACGTA 

S27G3/G6-2 

TTCGCTTGGTAGCCGTAGCA [ G/A) TATACTTTTACCGGCCACAC 

S27G3/G6-3 

GGGCTTTGGGTTGTGAACTT [ CCA / C 1 AAAAAAAAAAAAAATTTCCC 



S26G5/G6-1 

CCAAC AAAGATTAATG CTGG I /T ) TAAAATATTGTTTCCAGTCT 

S26G5/G6-2 

AAAATC AGGACTGCGAAAAA ( A / C ) CCAAGAAAGATT AATGCTGG 

S26G5/G6-2B 

AAAATCAGGACTGCGAAAAA ( A/ C 1 CCAAGAAGATTAATGCTGGT 

S26G5/G6-3 

AAAGTGTGTGTTGTTGCCCA ( G/A) ATGATTCCATTCCACACAAG 

S26G4/G5-1 

AGGACTCCGAAAAAACCAAGt /A) AAGATTAATGCTGGTAAAAT 

S26G4/G5-2 

ATGCTGGTAAAATATTGTTT ( /C ) CAGTCTTTCACAAAGTGTGT 

S26G3/G4-1 

CTACAAAAATCAGGACTGCG ( / A ) AAAAACCAAG AAGATTAATG 

S26G3/G4-2 

TTGTTTCAGTCTTTCACAAA ( /GT) GTGTCTGTGCCAGATGATTC 

S26G3/G4-3 

TCACACACCGACCTGCCTGG [ /T] TATCAGGAACCATCCTCCTG 



S23G4/G5-1 

GGTGAATTGGTGATGCATGC [T/G) GGGGGTGCTCGAGTTGGATG 

S23G4/G5-2 

TTCCAGTCGGATGAACTGGA ( T/G) GTTCGTCATCCACTCGTCAC 

S23G3/G6-1 

GGTGAATTGGTGATGCATGC ( A / T ) GGGGGTGCTCGAGTTGGATG 

S23G5/G3-1 

TTAAGTGAAGATGCCCAAAC (C/G) GTTAAACTTTCCATGGAACT 

S23G5/G3-1B 

ATTAATGAACATCCCCAAAC (C/G) CTTAAACTTTCCATGGAACT 

523G1/G6-1 

TGATTCGGGTCTGTATGCGA 1 G/T) TGTTGTGGTGGTGAACTGGT 

S23G1/G5-1 

CGGGTCTGTATGCGAGTGTT ( G/A) TGGTGGTGAACTGGTGAATT 

S23G1/G4-1 

GTTCCCGGTTTCTGGGCCCG ! G/T) GGGCGGTGCTCCGTGGGGCC 
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S22G5/G6-1 « 
S22G5/G6-2 J 

=AGATTGGTGTCGTTTACTA I A/ G ) AATTCAGTTCTGTCC ATTTG 
fcAGTAAGCATTCTTTATATG I /T ) TACTTCCCATGATAAACTTT 

S22G5/G6-3 I 

SAAAGGGCTTACTGTACTTT [ / C ) C ATCTT ATTGGCAGGGCACC 



S21G3/G7-1 

&GGCACTGACGGTGCGATGG t /T ) TTTGACCTTAATTCCCATTC 

S21G3/G6-1 

GTTCTCGCTGCCGTCACAAG I A/ ] ATTCTAGTAAGGTGTGOCTT 

S21G3/G6-2 

ACTGATCTCAATTATGCATG [ /A) AGAATGTTTCTCGCATCAAG 

S21G2/G7-1 

TTGACGGTGTTAGTTTCCAG t A/G) AGATAACACACGCTGGGAAT 

S21G2/G7-2 

CGATTATTAGCACGCTGGGA I G/T ) TTGACCTTGAGCTCCACOGA 

S21G2/G5-1 

TGGCTTGGTTGACCTTGAGG l.C/G) CCACACACTATCTAGTACGT 

S21C2/GS-2 

TCCAAGTCATCTCCTAACTG f A/1 ATCTCAATTATGCATGAGAA 

S2XG2/G5-2B 

TCCAAGTCATCTGCTAACTC (A/ ) ATCTCAATTATCCATCAAGA 

S21G2/G3-1 

AGTTTGACGGTGTTAGTTTC (G/A) AGAAGATAACACACGCTGGG 

S21G2/G3-2 

AGAATGTTTCTCGCATCAAG fT/1 TGCTAGAGCTGGAAAACGAA 



S20G5/G6-1 

GCCGCCGAGAGCGAGGCATA f G/T) GCGCATGTGCATGTGCGTGC 



S19G5/G6-1 

ACTTCGCCGGGGACGTCGAC ( G/A) ATCGTCGTAGCACTACTGGT 

S19G5/G6-2 

AGTACATGGCG AGCGTTCTA ( G / C ) CAGCTGCTTACCTGATGTCG I 



S17G5/G7-1A 

GCTCATCACTTTCTTTCCAC ( C/T ) GTTTTTTTAGATGTGCACCG 

S17G5/G7-1B 

GCTCATCACTTTCTTTCCAC (C/T) GTTTTTTTAGATGTGCACCT 

S17G4/G7-1A 

CTGTTAATACTTCTATTTCC [A/O AGCTAACAACCCCTCTTGGT 

S17G4/G7-1B 

TGTTTAATACTTCTATTTCC [A/C] AGCTAACAACCCCTCTTGGT 

S17G4/G7-2 

CCTCTTGGTCCCAACATCCT t G / T ) GAAAACTTCGGAAAAGGCTT 

S17G4/G6-1 

CTATTTCCAAGCTAACAACC [ C/G] CTCTTG CTC CC AACATCCTG 

S17G3/G7-1 

TGGGCCTAACCAGTGATTTT I A/T J GGCTGAATCTTGTCTTGTGC 

S17G3/G7-2 

TCCTCTTGTGCTGTTACTGT f C/T J TTCTCTACTGCCTGTACTGA 

S17G3/G7-2 

TGCACCTATGTGTCTTATTA f A/T) CATGCGATTCTACTAGTTTA 

S17G3/G7-3 

AAGCCTCATGTGCAOATTCA (TC/AG) GAACACACAACGTCAGCCAT 

S17G3/G7-4 

ACAACGTCAGCC ATGAGCCC [ C / A ] TGACACAAAGAATCTGCACT 

<517G3 /G6-1 IgGTTCTAAACATACCTCGTC f C/A1 ATTCATGATTCATCTCGAGC 



S16G6/G7-1 

GTGCTTTCGTAAACCTAGAG f CT/TG) GACCAGCTGTGATTTCGATG 

S16G4/G6-1 

TCAGCAAGCCTCCAAGGCTC IC/A) AATGGTCCAGTTACTTGGTT 

S16G2/G7-1A 

TGCTTTCGTAAACCTAGAGT IT/C) CACCAGCTGTGATTTCGGTG 

S16G2/G7-1B 

TGCTTTCGTAAACCTAGAGT IT/G) GACCAGCTGTGATTTCGATG 

S16G2/G7-2A 

GTTG ACC AG CT GTGATTTCG [ G / A J TGTATTCC ACGACCACGAGT 

S16G2/G7-2B 

GTGGACCAGCTGTGATTTCG [G/Al TGTATTCCACGACCACGAGT 

S16G2/G6-1 

GTGTGTAGCTTCATTCGCAA t TG / AT 1 TTT G AAC ACC CTCTGC AAOT 

S16G2/G6-2A 

GTGCTTTCGTAAACCTAGAG IT/C) TGACCAGCTGTGATTTCGGT 

S16G2/G6-2B 

GTGCTTTCGTAAACCTAGAG [T/C] TGACCAGCTGTGATTTCGAT 

S1SG2/G6-3A 

GCTGACCAGCTCTGATTTCG t G/A] TGTATTCCACGACCACGAGT 

S16G1/C7-1A 

CTTAATTGTACACAGTGCTT [C/T] CGTAAACCTAGACTTGACCA 

S16G1/G7-1B 

CTTAATTGTACACAGTGCTT [C/T) CGTAAACCTAGAGTGGACCA 

S16G2/G7-2B 

TGCTTCCGTAAACCTAGAGT [ T/G) GACCAGCTGTGATTTCGATG 

S16G1/G6-1 

TCTCTACCTTCATTCGCAAA (G/T) TTT GAAC AGCCTCTGCAAGT 

S16G1/G3-2A 

GTGCTTCCGTAAACCTAGAG f T/C 1 TGACCAGCTGTGATTTCGAT 

S16G1/G3-2B 

GTGCTTCCGTAAACCTAG AG (T/C) TGACCAGCTGTGATTTCGGT 
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S16G1/G2-1 

GTGTGT AG CTTCATTC GC AA [ A/T) GTTTGAACAGCCTCTGCAAG 



S14G5/G7-1 

CTGGACCAGATCGCCCTGCC [ /TCI TCAGATTCAGAGATTGACGA 

S14G5/G7-2 

CGAAAGAGCGAGATATATCG ( A/ G] TCGATCGATGAGCAAGTATA 

S14G5/G6-1 

GCTCAGCTGCCGGAGTACGT I A/Tl GGCTTGCTCTCCGGCCGGCC 

S14G5/G6-1B 

ATAGCTCTGCCGGAGTACGT [A/T] GGCTTGCTCTCCGGCCGGCC 



S13G5/G6-1 

TTTCACAACTCAACTGATTG I A/T J CTTGCTTTGATCTGGATTCT 

S13G2/C6-1 

TTGGTAATTTCAGAGCTAGA 1 C/G) AACTTACTGTGGTACACGCC 


— 

S12G4/G6-1 

ACCTTTGCTGTGTTTTTTTT t T/G] GTATTCGAATGGAGGGAGTA 

S12G2/G5-1 

AAAACAGCCAAGGTGGTGGT [C/G j AAAGGAAGGTGTCAGAAGGT 

S12G2/G5-2 

TCTGTTCGTTCCATCTCTTT [ A/G] C AGTAAAT ATC CGTAATT AC 

S12G2/G5-3 

CGTAATTACTTTGTTACTAC { TA/C J AOTAATTTTATATATATCCT 

S12G2/G5-4 

TATATATATCCTCATTTCAA (A/T) GAACAGTCAAAGTTAGTTTT 

S12G2/G5-4B 

TATATATATCCTCATTTCAA I A/T ) CAACAGTCAAAGTAGTTTTO 

S12G2/G4-1 

TATTTC7TATCCAGGATTGT iT/C] CTTTGGCCAAAGCATGGTAC 

S12G2/C4-2 

CGTTCCATCTCTTTACAGTA ( A/Gl ATATCCGTAATTACTTTGTT 

S12G2/G4-3 

ATCCGTAATTACTTTGTTAC I TA/ AC J CTAAGTAAn x iATATAT/\ J 

S12G2/G3-4 

GTAATTACTTTGTTACTACT [ A/ ] AGTAATTTTATATATATCCT 

S12G1/G6-1 

CTGTGTTTTTTTTTGGTATT (G/C] GAATGGAGGGAGTATTATTT 

S12G1/G6-1B 

GCTGTGTTTTTTTTGGTATT I G / C ) GAATGGAGGGAGTATTATTT 

S12G1/G5-1 

ACTTAGATGATGACCAGGTG [A/ ] AGAGTTTGGCACCTTTGCTG 

S12G1/G5-2 

AGTTTGGCACCTTTGCTGTG [T/ ) TTTTTTTTGGTATTGGAATG 

S12G1/GS-3 

CTTTACTGATT6GGTTACAA I A / G ) AGGTTATTTCTTATTCAGGC 

S12G1/G5-4 




S10G4/G6-1 

AGCGACAGCGATCTCGAGCA [ G/T ) CTACGGAAGGCAATAAT6AG 

S10G4/G6-2 

AATTTGCGAAAATCAATGCA r GAA/CAC ) ATCAGTGATTAATCCACATA 

S10G3/G6-1 

GCATGGCGGAGTGAGGGAGG tTG/ ] TGTGTGTGTGTGGCTCCACA 

S10G3/G6-2A 

GGCCGCTACGCCATTTAGCG [G/A] ATTTGGGAAAATCAATGCAG 

S10G3/G6-2B 

GGCCGCTACGCCATTTAGCG 1 G/A ] ATTTGGGAAAATCAATGCAC 

S10G1/G6-1 

CATCCCCGCCGGCAGAACAA tC/Gl GTACGAGAAGGATGGAATGC 



S08G5/G6-1 

GTCCCAGATCAGGTCCACGT I T /C ] CGAGCTCGCTGTTCCCGCTT 

S08G5/G6-2 

TGGTTCTTCACCACCACCGC (C/G) CCGGGCGCCCCCAGCGCCTC 

S08G4/G6-1 

GCAGCCTCAGGTACACGGCC ( / A) AAGTCGGAGTGGTTCTTCAC 

S08G4/G6-2 

GCCGGGCCCCCCCAGCGCCT [ / C ] CGTCCCAGATCAGGTCCACG 

S08G3/G6-1 

GCACGTCGTTGCTGAAGAAG [ AC/CA] GCGGTACGGGTGCTTGTCGA 

S08G3/G5-1 

AGGTACACGGGGAAGTCGGA ( G/T J TGGTTCTTCACCACCACCGC 

S08G3/G5-2 

CGACGGCGTCCAGCACCGAC (G/ ) CCTCCGCCTTCACCCCGCCC 

S08G3/G4-1 

GTCCACGTCGAGCTCGCTGT f C/T) CCCGCTGCCCACGACGGCGT 

S08G1/G4-1 

GCACGTCGTTGGTGAAGAAO ( A/C ] AGCGGTACCCGTGCTTGTCG 



S06G2/G3-1 

NAACCAAACCCTGACTATTA (T/C ) AGGTAGATTAGACTAGACAC 

S06G2/G3-2 

ACGGTGAGGAGTGGCACATG t A/C ] GATGGAAAGTTCCTGTAGAC 

S06G2/G3-2E 

ACGGTAAGGAGTGGCACATG [ A/C] GATGGAAAGTTCCTGTAGAC 



S05G2/G4-1 

TATGCTTGGAAAGTGG6AAA [ G / ) CGGAACATACGATGGAGGAC 
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S03G5/G6-1 

&<ra%Tim , &rArAC f /T1 TGCTAAGGTTTTACTGTTTT 1 

S03G2/G6-1 _J 

n»%nw«»«w "\»*r*f*finr"TGr f /TGI TGTGCGCTTGCTTGCCGCTA 



S02G6/G7-1 < 

... Awni^nr i> owrf /■n 1 ft. / 1 ftAGGACTATCTCCTCGTGAT 

S02GS/G7-1 < 

■^wrkTrrrLaraTRCW f G / 1 TTACCCAATCCAGGCTTCCC 

S02G4/G7-1 1 

„ rt mr MM rTTAQGAAAGAC f T/Cl TAATTTCACGGCACTTQGCA 

S02O4/G7-2 

* ama ft m rttt nGCGGTGAAA f G / ) CCTGGTGGAAAACTGTTTTC 

* *m»fin»**M< , rf5r , ;rf5rtTGAAA. TG/ 1 CCTGGTGGAAAACTGTTTCC 

S02G4/G7-2B 
S02G4/G6-1 

mnwvprv^vrffT'PTA.CTGGG T / T 1 TCTAGAAAAAAAAATAATAT 

S02G3/G7-1 

a ftrarriTftJiTAATAGAACA f T / G 1 GTGGTGTTTGTTAGGAAAGA 

S02G2/G6-1 

r^nr-i^rn ftf n vrTeTCGCT f C/G1 CGATGGCACCCATATTCCTC 

S02G2/G6-1B 

r M-pM mm * * T * * TTCTGGCT f e / G 1 CGATGGCACCCATATTCCTG 

S02G2/G5-1 

* & ft ftnftrrtTftttTGTTTGTTA f G / A 1 GAAAGACCTAGTTTCTCGGC 

S02G2/C5-1B 

* n » r»r»T«ffnTftW»PRTTA I G/Al GAAAGACCTAGTTTCTCGGC 

S02G2/G5-1 

»»***Mw»wfv , wpr»orVft ft rrMTflcm 1 C/Tl TGTGGAATGACCATCTCGTG ! 

S02G2/C5-1B 

m * r**mmr*nnnr UWfiflPA f G/Tl TGTGGAATGACCATCTCGTC 

S02G2/G5-2 

»mr»* r"f*xfl»l'*TV»r5 , P f f5/P 1 CTGATGCCAGCATGCTCTTA 

S02G2/G5-2B 

*%mmmr»r' % * wr* n r*n ft«pr*pr , r:T f R / P 1 GTCATGCC AGCATGCTACTA 

S02G2/G5-3 

» A^^m^w^Ar^raMppnKr&r: f a / n 1 TATAATATTTGTTGTGGTGT 

S02G2/GS-3B 

ACTCTGTCAGGCTTCCACAG [ A/ C ] TATAATATTTGTTGTGGTGT 

S02G2/G5-3C 

ACTCTGTCAGGCTTCCACAG f A/C ] TATAATATTTGTTGTGTGTO 

S02G2/G5-3D 

_ AMvft r»f«rMTi*fv<fftr > &rs f ft /PI TATAATATTTGTTGTGTGTG 



S01G7 /G4-1 

GAAAAGACGAGAGAGATTCC 1 Q/Al AAAGCCCCATCTCCCCGACT 

S01C7/G4-1B 

GGAAAGACCAGAGAGATTCC I G/Al AAAGCCCCATCTCCCCGACT . 

S01G4/G7-2 _ 

AACAGCGCAAGAGTCAACAC I A/Gl CGCCCCCATCACGCATGCCA 

S01C4/67-2B 

AACAGCGCAAGAGTCAACAC I A/61 CGCGCGCATCACGCATACCA 

S01C4/G7-3 _ 

GCTAG AGCAAG AGTC AACAC [G/Al CGCGCCCATCACGCATGCCA 

S01G4/C7-3B 

GCTAGAGCAAGAGTCAACAC I G/Al CGCGCGCATCACGCATACCA 

S01G4/G7-4 
S01G4/G7-4B 

CACACGCGCGCATCACGCAT t G/A] CCACGAGCTTTCAGGTTATG 
CACACGCGCGCATCACGCAT f A/Gl CCACGAGCTAGCTTTCAGGT 

S0XG3/G7-1 

CAOGCCGGCCCCCCCATTGG t / A J AAAGACGAGAGAGATTCCGA 

S01G3/G7-2 

AGCCAGGTTCTAACAGCTAG f C/Al GCAAGAGTCAACACGCGCGC 
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TABLE 3 : PRIMERS PAIRS FOR AMPLIFICATION OF FRAGMENTS CONTAINING 

POLYMORPHISMS 


NUM FORWARD_PRIMER REVERSE_PRIMER 

1 TCTCGGATGCTAAAAAGCAAGC TCGTGGGTTGATCTCGAGGAC 

2 TCTGACATCTCTCAACGTCCTT GAAAGTCTTCAGGGATCTTCCG 

3 GGTGAGATCTTAAACACCTTAAAC CGTTTTTAACTTTTGGTTAGATTG 

4 CCCAATCCCCAAATTTAAAGCA AGGGTACCAAAGGGTACATCAT 

5 ATAGCAACTACTGATAGTGAACCA ACTCTCTTTGCTTTAAATTTGGG 

6 TCTCCCAACGTATTCTCTTGGT TCTGCTCCCCTGCAACATTAAC 

7 TCAGAGGCAAAGCGGTAGTTG GTTGGGAGA TTAC CTCGTGAGA 

8 TCCACTACCAGCTTCAATGTCT CGTAATGAACTTTGGCATCGAC 

9 CGATG C CAAAGTT CATT ACGAT TCGT GGTC TCCATG GATGA CT 

10 TCTCCTTACTTCCTTTCTTCCC ATGAGTTTCTGCACTTTTCACT 
H TGACAATTTTGTTTTGTTTCTTG TACAGAACTTTGTTCTGACCTGA 

12 TGCTTTAAAAACCAGAGCCACC TTTGGAAAGAAAGGAAACGATG 

13 GGCAAACAATCTAAGCGGTC CGAGCAAGAAGCATGAGACA 

14 CCATGGTAGGACAGGCAAAC AGTGAGACTGCGGTCGAAA 

15 TCTAAGCAGTGCAACAGCTCCT AGAGCTTCCTCGTACGTCAGGG 

16 CAACAAACTCAAAAAAACGATACCT AGCGAGACGGCGAGAGACG 

17 TGTTGATCAGGAGACAGTTACA TGAAGTTCGAGATCCTTGCGAC 
IS GCTGCTCCTGATCTTGAAGG TGCGACTCTGTGGGACTGTA 
19 

2 0 GATAAGGTCCATGATGATGACA GATCAGGTCCATGATGATGACA 

21 CCATTGGTATACATCCAACTTT TGATGACAAAAAAGGTATTCCA 

22 AGGTCCATGATGATGACAAAAA AAAGAACTGGAGAAAAGTTGGA 
23 

24 

25 AAGGACACTCCACTTTCTTCGT AAAGACATGAGACCGGCTCG 

25 AAGGACACGCCACCGTCTTC AAAGACATGAGACCGGCTCG 

25 GACACTCCA C TTT C T TCGTGGC AGATGAAAGACATGAGACCGGC 

26 TCTGCTGCAAGAGATGGTGTGT TGTGAGTATCCATCGAAGAGGT 

26 CATCGCTGTTATCATCAGTACC AGAGGTAGTAAGAATTAGCCTTGG 

27 TCTGCTGCAAGAGATGGTGTGT TGTGAGTATCCATCGAAGAGGT 
27 GCTGGTGTGTTGGGTATCTACG ATTAGCCTTGGGGTTAATACCG 
28 

29 GTTCTTGGTCTTCCTTACGCCT GGAGGACACCCATGAGCCAG 

30 CTGGACTATGCGGTGGCT GATAGGAGCGAACGTGAAGG 

31 GACTAGTGCGGTGGCTGC GATAGGAGCGAACGTGAAGG 

32 GACTAGTGCGGTGGCTGC GATAGGAGCGAACGTGAAGG 

33 AAACGGTACTGCGAAAGCTG GGCACCACATCGAAGTTTCT 

34 CCTGAAACGGTACTGCGAAAG AAGTTTCTCAAGTTGTGGAATTC 

35 CAACAACAAGCTGGTCAGGA GCTTGAACGGAGCAGCAT 

36 GTTTCTCGTCAAAAGCCACG TCCAAGGCGCAAGAAGAG 

37 ACAACCTCGCGGTGGTAAC TCCAAGGCGCAAGAAGAG 

38 AAAC CAGGGTC CTTGATGTG AGCTTGTTGTTGGAAGCGTT 

3 8 TAAGAC CAGTAAGCGGAAAACC CTTGTTGTTGGAAGCGTTGTAG 
39 

40 CTTTGGGACCGTTGGAGTT TTTCCACCGTCATAGCCG 

41 GATGGTTGTGGTAGCGACTGC TTAAGGCTGCTTCCAGGCTC 
41 GATGGTTGTGGTAGCGACTGC TTAAGGCTGCTTCCAGGCTC 

4 2 CTGATATGGAGGTTGAAGGAGG CTTATTTGTCTCCGG TAG CTCG 

43 TACGGTCCCATCAGTGACAA GGCTCATTCCAGCCATTTC 

44 GCTGCTCTAGGGATGCTCAG TGTCACTGATGGGACCGTAA 

45 CTAGGGATGCTCAGCACCATC TGGGACCGTAAGCATCAATC 

46 ATATGATGAGAAAGTG CTTGTGG ATGTTGCGGTGCACGAGATT 

47 ATATGATGAGAAAGTG CTTGTGG ATGTTGCGGTGCACGAGATT 

47 ATATGATGAGAAAGTG CTTGTGG TTGTAGCGGTGCACGAGATT 

48 ATATGATGAGAAAGTGCTTGTGG TTGTAGCGGTGCACGAGATT 

49 TGGGAATGATTGGTTTGAGA CGATATATCAAGCGTACCAGC 
50 

51 GGAGAAACCCTCTCCGACTT GCCGAAGGTCATGGAGAAAG 
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52 

53 GTTATCGATCGCGTGGTCC GGTGTCGGACAGGGATACTG 

54 GTTATCGATCGCGTGGTCC GGTGTCGGACAGGGATACTG 
55 

56 
57 

58 AAAAACGAAACTGTTGCCTCA GGCTACACCTTCATACCATGAAATA 

59 TGGGTCTTGATGGATTGTTTC CAGCTACCTCCATCAGCTTCT 

60 TACCGTGCGAGAACAGAAGAGA TCCTTAAGTACTGTCCGACGTG 
S 1 AAACGTGTGACACAACGAAG ACGGAACCCACGGCATTTAC 

61 AAACGTGTGCCACAACGAAG ACGGAACCCACGGCATTTAC 

62 GATATCCAATACGGGTCCTAGC AAATGCACCAGAAACGGTGAG 

62 GATATCCAATACGGGTCCTAGC AAATGCACCAGAAACGGTGAG 

63 CTTGGGCTTTCGGTGGTAT TGCAATAGACGAGGACGAAG 

64 ATTAAAGCACAAAGGTCTGCCT CGTTCCAGACACGACCAGTAC 

65 CCATTTTAACCTCCTTGATTCC ATAGTTAGAAAGACCCCCAGCC 

65 CCATTTTAACCTCCTTGATTCC ATAGTTAGAAAGACCCCCAGCC 

66 GATCGAAGACGAGAGCTTGAA GTATGAAGGTTTTCCAAATCCG 
66 ACTAAAACGAGAGCTTGAATAACG TGAAGGTTTTCCAAATCACCGT 
6 7 GGAGCAAAGCTAAAAAGATCGA CTCCAAGCTTGATAGATGGAGC 

68 GTCCAATGGAAGGTGGGTTTAG CCCACAGTGAAGTTTGTATCCA 

69 TGGAAGGTGGGTTTACCGT CCAAAGATGGTTCC CACAGT 

70 ATTGGGT CTTGATGGATTGTTT GACAGCTACCTCCATCAGCTTC 

71 TGGATTGTTTCTATCCTGCAAA AGCTACCTCCATCAGCTTCTA 

72 TCTACCACGGTCGTACTGGTC GCTTGGTGACGTTCCAGAC 

73 TGGTTCTGTCTCATTTTGTTGG CCATCAATATCTACGC TTT CGA 

74 TGGTTCTGTCTCATTTTGTTGG CCATCAATATCTACGCTTTCGA 

75 GCCAAAACACTGTTGGAGGAC GTGTCCCAGATGTTGTCTTGAA 

75 CCGAAAACACTGTTGGAGGAC GTGTCCCAGATGTTGTCTTGAA 

76 ATTACCCCCGTCTTTCGTATCT TAAGGTATTTGCATCTGATCGG 

77 AATGAGATCATAGTATCCGCCG TAGTTGAGATGATGGCCCGAC 

77 AATGAGATCATAGTATCCGCCG TGTAGTTGAGCTGATGGCCC 

78 AATGAGATCATAGTATCCGCCG TAGTTGAGATGATGGCCCGAC 
78 AATGAGATCATAGTATCCGCCG TGTAGTTGAGCTGATGGCCC 
79 

8 0 TGCACCAACATTGTGAACCT GTTGAAGGTGG CTGAGGAAG 
80 ATGGTTGCTCCAACATTGTGAA AGCTCTTCGTTGAAGGTGGCT 

80 ATGAAGTGTTGCTGCCACATAG GTTGTTAGGTGGCTGAGGAAGA 

81 TTGCTGCCACATAGTGAACC TAGGTGGCTGAGGAAGAAGC 
81 ATGGTTGCTCCAACATTGTGAA AGCTCTTCGTTGAAGGTGGCT 

81 ATGAAGTGTTGCTGCCACATAG GTTGTTAGGTGGCTGAGGAAGA 

82 TGCACCAACATTGTGAACCT GTTGAAGGTGGCTGAGGAAG 
82 ATGGTTGCTCCAACATTGTGAA AGCTCTTCGTTGAAGGTGGCT 
82 CAGGTTTGTTTCTACACCGTCA GAGGCCACTGTACTCACAACAA 
82 ATGAAGTGTTGCTGCCACATAG GTTGTTAGGTGGCTGAGGAAGA 
83 

84 TGTATCGGTGCCTCTATCCG GTTGAAGGTGGCTGAGGAAG 

85 GCCTCCTCAACTTGACCCTC TTCACATCAGCGAGTCCTTG 

86 GCTGCCCTCTCCCAATTC GCTTGGGGTTGGTTT AGGA 

87 GGAGACGGATAAACATGGAAAG TACCATTCCCTCTTGCTTTGAT 
B7 GGAGACCGCTAAAGATGGAAAG CCCCTTTTGCTTTGATGACTAG 

88 GGGGTACAAATCCTTTTTCGTT TAATGGGTTCCACTTGGAGAAA 

89 CTTGAATCTTCCTCTGCATTCC GCTAACTCTTCCTCCGTTGCTA 

9 0 ACCATGGTCGCTCCATTCAC GCTAACTCTTCCTCCGTTGCTA 
91 CCGAGTTGACTCAGCTTTCTTA GAGTGAAGGAATGGATTCGTGT 

91 CTGACGAGTTGACTCAGCTTTC GAGTGAAGGAATGGATTCGTGT 

92 ATTGCGGCTAACATCTCTGG TACGGCTGGGTTAAGGTGA 

93 TCCGAGGATCACTTCTCTCTG CCTTGCCGAACTTCTTCTTG 
93 ATCTGAAGAGGAGAACCCACTG CCTGAGATTGGATTTGAAAAC 

93 GGGTGTCGTAGTTTACGGAAGA GGATTTGAAAACGGAGAATCTG 

94 CCTCCGAGGATCACTTCTCTC CGGAGAATCTGTAGTCGTGCT 
94 ATCTGAAGAGGAGAACCCACTG CCTGAGATTGGATTTGAAAAC 
94 GGGTGTCGTAGTTTACGGAAGA GGATTTGAAAACGGAGAATCTG 
94 GATCACTTCTCTCTGTTCAAGAA GGAGAATCTGTAGTCGTGCTCC 
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? AGCTGGATCCCTCTGCTCGT 

95 AAGCTGGATCCCTCTGCTC 

96 CAAGAAGAAGTTCGGCAAGG 
- 97 AAGCTTCTTACTCCACTCGCC 

9 7 CCGACTCTCGAAGCTTCTTACT 

9 0 TCTACTTGTCTGAAATGGCTCG 

98 AAACACGACAAACCGTTGTCTA 

99 ACTACACCGACTCTCGAAGCTT 

100 GTCTCCGGTGAATCTAGGAGAG 

101 AAGCTTCTTACTCCACTCGCC 

102 TGCGTCATGAAGATAATTCACTA 

103 AGGAAGGTCATTCTCTTTGGTG 

104 CTCCTCCACGTAATCTCTCCTC 

105 CTAGCTCTGGCAAGGAAAAGTG 

105 CAAGGGATAATTGCCCTAAAGA 

106 CTTTGAGAGGTTCTTCCCACAG 

107 TCATTTATGTATCAGGACAATGTG 

108 ACGCAACTGCCACCAATCAG 

109 TTTCCTCCTTTTATCCACAGGT 

110 TATTATCGTTGAGGCTAGGGCA 
110 AGACTTGAGATGGCTGCGTATT 
HI TCCCTGGATCCATCTCAACTAT 
HI GTCCTGGACCATCTCAACTATG 

112 GCAATTTGTGTATGTGATTCGG 

113 AAGACGCTAAGGTAGTTGGAGG 

114 GGCATGTACTCAACGTAGCAAG 

115 TATCCCGAGACTTTCCCCAT 

116 CTCACCATCGGAGAAAGAGG 

117 GAACAACATCTCTTCCCTCACC 

118 TAGGATGCGTGTGCTAAGGC 

119 TCTTCAAAGCTTCTTACGAGCC 
120 

121 AGGACACAGAGGCTCGAAGTTA 

122 CCCAAAATAAATTGATGG TTTT 

122 CCCAAAATAAATTGATGGTTTT 

123 CCGAAGAGTTTCCAGTGAAAAG 

123 CGAAGGAGTTTCCAGTGAAAAG 

124 CATCTGAAGCAGCTCTGACTTG 
125 

127 
128 
129 

130 ATCAGGAAGCCCATGGTACG 
131 

132 ACAACTGCTGTATGATGGTAAGC 

133 AGTCTGACTTCAAGGACTTCGC 
133 AGTCTGACTTCAAGGACTTCGC 
134 

135 GAGCCTGAAGGAGAGTTGGA 

136 CTTGGGTCCATTAGTGAGGG 

137 GAAGATGAAACACATCGCCA 
13 8 ACTCATAGGCGATCTGGAGTA 

139 TCTTCTGCACGCCTCACTTGTT 

140 GTGTTTTTGAGGTGAAAG 

141 CCCGAGCCATTAGGACAAG 

142 CTGCACCCATCTCATCCTTT 
143 

144 

145 TGAAGGCGTCGACTATCTTG 

146 CGCCACAGTTCGTACAGTTC 

147 ACAATCTGAAGGCGTCCACT 

148 TCTTCACGGAAATCTTGCTG 

149 CCTGCCCATGTCTTCAAAGT 


52 


AAACTCAGACCGAGTCAGATCC 

AGACCGAGTCAGATCCGAGA 

TGAGATTGGATTTGAAAACGG 

GCGAGCCATTTCAGACAAGT 

TTTCACGACACGTGGACAAC 

AGAGGAAGATCTGCTCTCCGAG 

AGAGGAAGATCTGCTCTCCGAG 

CGAGCCATTTCAGACAAGTAGA 

TCATTCTTGTCACGACATTGAA 

ATTTCACGACACGTGGACAA 

CGGCGAGTGGAGTTAAGAAG 

ATCCATTAACTACAATGAAAAGGG 

ATCCATTAACTACAATGAAAAGGG 

AAAGAATGTATCCGTGACGTCG 

TGAGCACATTAGCGCAGACAC 

TGAGCACATTAGCGCAGACAC 

CGGTCAGATACTTTGGAAGGAA 

TCTGTATTGAATGGATGCAACC 

CCTCCATCACATCTTCAATGTC 

GAAAAGAGAGATGGGTACACAC 

GGGAGTGGGACCAAGATCCA 

GGGAGTGGGACCAAGATCCA 

AGAAAATGTCCTAGCCTCAACG 

GTCTAGAAATGCCCTAGCCTCA 

TAATCTCTCCTGTGGGAGGAAG 

AGCATCGTGGAGATC CTTAGTC 

GACACTCTCAGACGATTTATTTCG 

GCTGGGTTTCGACGGTGGATGG 

TCATCACTCTCATTAACAAGATCC 

GGACCTTCCCACAACAAAAATA 

GTTACCCTTGACACGCATGTAC 

GTAGTGGACGATGGCTTGGAG 

GAGAGTCCGGTTAAAGCCTTG 

AACTTCTTCTTGCCAACAGGAG 

AGGAGGCCACACCTGTTTATTA 

AGTCTCAGCAGAGCGAGATTTT 

AGTCTCAGCAGAGCGAGATTTT 

TTATCCACACAATCGCTAGCAC 


CCGGAGAATGGACCCAAGTACT 

TCACATGTTCCACACAAAACAA 
GACGAGAGCAGAGGTTGCTAAC 
AAATCCGGCGATCTTGACAG 

TGGCGATGTGTTTCATCTTC 
TGATTTTCCTC CAATCATCAAA 
TCACCAACAGGATCTCCCAT 
CTGGAGAGGAGATTCGATTTGC 
TTTTCCGGCGAATCCTTGAT 
AAAAAGGTATCTCCATTTGT 
TTCTTACCGTGGCTTCAACC 
CTGTCCCAGGAG CTTGATTC 


GAACTGTACGAACTGTGGCG 
CCAGTGCATAACAGTGGCAA 
CCAGTGCATAACAGTGGCAA 
CAGGCTTGTTTCGTTCAACA 
GTCTTTCTTGTTCGGACGTG 
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150 

150 

151 

152 

153 

154 

154 

155 

156 

157 

158 

159 

159 

160 

160 

161 

162 

163 

164 

165 

165 

166 

167 

168 

169 

170 

171 

172 

173 

173 

174 

174 

175 

176 

177 

178 

179 

179 

180 

180 

181 

182 

182 

183 

183 

184 

184 

185 

186 

186 

187 

188 

189 

190 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 


GGATATTACATAATACTTGATATGCCATT 

GGATATTACATAATACTTGATATGCCA 

GAAGTT.CGAGACGCTGTCGT 

GTGATTATGGCCACGTCGGCC 

AAAGTGCCGGTAATGTAATGGT 

GGTTCGCCTCATGTTATCGTTG 

ACCACTGACGTAGCACCTCC 

ACCACGAAGAAGGGAGGTTC 

CCAATTTATCGAGCCAGACA 

ATGCAACATCGAGCATTCTG 

TGGTTGCTTACTGAGAGAATGC 

TGCGCTGTGCTTTATTGGGAA 

CAGTGCGCTGTGCTTTATTG 

GGAGTACACTGTTACAATCACAC 

GCGCAACACAGATAGACAGC 

GGAGTACACTGTTACAATCACAC 

AGCGAGATCGATCCTGTTG 

CGAGCAGATGGGTGCTAGTC 

TGAGCAAAGCAGAGACTCCA 

AATACACGCTGCCCAGGCC 

GAATACACGCTGCCCAGG 

TACTAGCTCGGTGACCCGAT 

CAAGCAAGCAAGCTGTCTGT 

GAATCTGACCCACCCCGTTGC 

TGCGCGCAATAAATCAGA 

GATCTGAATCTGACCCACCC 

TCGACGTGGAAAGTATTGGA 

GCTCCTCGTGGTAGTGACGA 

CCGGCGAGGGAATACTCGAT 

GCGAGGGAATACTCGATAGG 

GATATGGGGTTC GGTGTCACTGA 

GTTCGGTGTCACTGACCTGT 

AAATCCGCGGAAACAACAT 

TCATCACTTGATGATATGAGTATATTCAA 

GCTGCGTCAATCATCACTTC 

CCACAGGCGTCAAGTACAGA 

TGACCTTGATTGCATTGCAGCTA 

CCTTGATTGCATTGCAGCTA 

GCGTCCTG CTGGTTCATTATCTG 

GCGTCCTGCTGGTTCATTAT 

CTGGTGGTGGTGCTTCTCT 

CTGCGTGCATGTGAACATTCATG 

ATCGACGGGTCTGTTTTCCT 

TGCGTGCATGTGAACATTCATG 

GATTTCATCGACGGGTCTGT 

CCGACTACCCGGAGCTGAACC 

GACTACCCGGAGCTGAACCT 

CGGAAGATCAACTGGATGAAG 

TGATCGCTGTCAGGGAGGGC 

CTGATCGCTGTCAGGGAGG 

CGTTCTCTGCACTCCGATTGA 

CGTTCTCTGCACTCCGATTGA 

GGTTAAGTATGCCGAGCGCCA 

GAGCGCCAGATGAACCAG 

GGCCAATGGATAGCCACATAGAAC 

CGCATAAGTACATGACACCTCCGG 

ACGGCTTTGGAGCTTAACGATACC 

TGGTCCACAATTATCTGATGGATC 

CAGACAAAGTTGATGAGATATATGG 

CAGCTCAAATCATAGGTCAATAAG 

CTCTGCTCGTGGAAGAAGTAC 

AAATCCCCTCTACGCCCGT 

TGTGCATTCAATACGATCAGCCA 


TCAAAAATAAATG TTAA AAATAAGAGGACA 
AAGCCTATTCATATTTTCAAGTTAAT 

CAGGGTATCCAGCCGTTG 

GAGCCCAAGGAACGGAGCGAC 

TGAAGGGACAACCCAATCAT 

GGTGGAG GTGGG GTTTATCCAA 

GGTGGGGTTTTACAACGAGA 

GTCGGAGGTGCTACGTCAGT 

TGGTCCAAGCAGTTCATCAC 

TCACATCCAGAGCTGACACG 

GACACGTGAGCAGACTCCAA 

CAGATTCCATTCAGACCCTAGAGG 

CCATTCAGACCCTAGAGGCA 

AGCTGTCTATCTGTGTTGCGCTT 

CGGGTCTGAAGAAAAGTGGA 

AGCTGTCTATCTGTGTTGCGCTT 

TCCTATGGCAGTGATGGATG 

TGCTTTCTTAGTGGGTGAACG 

ACCCATCTGCTCGAAGTAGC 

GATCTCGCTCGGTGGTTCC 

GGCAGTGATGGATGACAACA 

ATGTGGCGAGCTTCTTTCAT 

GCGCGCAAACCTTTTATTAC 

AAAACCAAGAAAAAGCCAACATT 

TGGGTCAGATTCAGATCAGC 

TAACGATGAGCAAGTGCAGC 

ACAGCTGCCACTGAATCCAT 

GACCAGAAACGCCTTGAGTC 

TCACTACCACGAGGAGCGCC 

TCGTCACTACCACGAGGAGC 

TGGCTGCTGCTGGTGGGC 

GGCGCTG CTACTGCTGAT 

GCAGCTGGGTTATCCTCAAG 

CATGGTCAACTGTGAAGAAATAACATTC 

TCTGTACTTGACG CCTGTGG 

TGTCAGACTCCAAGGCGAAG 

TGATCTTCCGGCCTTCCACG 

GGCCTTCATCCAGTTGATCT 

CTTCCACGGGCTTCTTGTAGCTG 

ATCCAGTTGATCTTCCGGC 

ACGTGAAGATGGTCAGACAGA 

GATAATGAACCAGCAGGACGCGA 

ATAATGAACCAGCAGGACGC 

ACGCGAGCAGTTGTGGGTTACC 

ATAATGAACCAGCAGGACGC 

TCGAAGGACGACTTGAATCTCTC 

AAACAGACCCGTCGATGAAA 

GAGCTCTTCGGCGTAGTAGG 

GTAGCGGCACCTTTTTCATGG 

CTTTTTCATGGAGCCGAGC 

ACACACGCGCTGCCCTGC 

GCTGCCCTGCCTCGGACC 

TCGGCAGGAGTCAAGAGGGATAT 

GGCAGGAGTCAAGAGGGATA 

GCGCTCGGCATATTTAACTCGTGT 

TGCGGGATTCTTGGCCGTAT 

TCTGGATGGGTGCCCGGC 

CTCGAAGCTGATCCAAGGTTG 

CCCAGTGCTCCATGTCTTTGAA 

AAGGATAGGCTGGTTCGCTCG 

ACGCGGTGGGATTCTGGATCC 

CCTCTGGCACACCCCGAGAT 

ATGTTTTTGCTGATGTTGCACAG 
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199 GTGCATTCAATACGATCAGC TGAATTGGACCTGCTCTTTT 

200 AAAGAGCAGGTCCAATTCAG GACTGTACGCAGAGTTTTGTGTAG 
„. 201 GATCGAAGGCCTGACCGGT GAAAGGCGATGTAACGCGG 

201 GAAGCGATCGAAGGCCTGA TGGGAAAGGCGATGTAACG 

202 ACCATGTTAATGTCACTTTTT AGTGG GATATATTCCCTACGAGGAATGTC 

202 CATTGTGAGGAaCACCATGTTAATG ATATTTGTCCCTAAACCTCGGGATAT 

203 GGATTAATACTTTTGGACATGTTTG ATATGGTGCGAACAACTCAACAGTA 

203 TTTGACATGTTTCTTAATTTTTATAG GAACCCTCAACAGTAATAGCAATCAT 

204 TCTACCTCTGAGATACATTC ATTTAA TATAAGGATAAATGTCCTACTTTTCT 

205 GAGGGTTCGCACCATATCATG CCATTTTGAGGCGGCATTCC 

205 TATTACTGTTGAGGGTTCGCAC AACCATTTTGAGGCGGCATT 

206 TGGCCATTGTAGATATAATATGAT TCGAAGGAGATAAGAAAGATCAAA 

207 GGGGATATTATGTAGGACTTGGAG CACCAAAATATCAACAGAGGCATG 

208 CCTTGGCAGACAACAGACAGATCA TTTGACTGGGAGTAAATGCAAGC 

208 TGGCAGACAACAGACAGATCA GGGATTTTCGGGACTGAGTT 

209 TTGTTTTGTTTTTCCTTGGCAGAC TTCGGACTGGGAGTAAATGCA 

210 ACTCAAAGTGGTGCAATCGCAA CGATACGGACCACGGCAAGC 

210 ACCGGGAGACAAGAGAGAAACT GATACGGACCACGGCAAGC 

211 AGACAGATCAGTAAATCACGCATG GGGATTTTCGGGACTGAGTTTGAC 

211 AGACAGATCAGTAAATCACGCATG TTGGGATTTTgGGGACTGAG 

212 TTTGAATGAATTGAAGCTCTGAA TTTCAATTGTTGCATCTCGAGTT 

212 TTTTGAATGAATTGAAGCTCTG TCTCGAGTTTTGTAGGAAGCAG 

213 ATCCTCTGCTAAAAAAACCCATT TCGAGTTTTGTAGGAAGCAGTTT 

214 ACCGGACTCCTTTCCAATGTC TCAGTATGTGGGGATTCAAAC 

215 AATGGCAACTTGTATCGGCTAG CATGTTACCTATTAGAGCAC TGAG 

216 GAGTGCAGAACCTGATGGGT GTACTGGCTGAAGAAGCCGA 

217 TGCAGT CAGGGTTTTTTTAT CAAC AGCTCAGGCATTCAGGTAGATC 

218 CCTTGTGGAATGTTGCTGTTAT ACGACGGACACTGAAGAGGCT 

219 TCTTCAGTGTCCGTCGTAGC CCCTTTCTCCCTGCTCCAT 

220 CCGGGCGAGGGGGTGGTC GCTTGCTCGCTGCTCGGGC 

220 CAGGGGAGGGGGTGGTCGC GTGTGCTTGCTCGCTGCTC 

221 TCCGAGCCCACAAATCTGTAC CAAATTAACGCTGGAAAGTTTGAA 

222 ATATTACCCGTAGGTGACAAA CAGGAAGGTCTTGAGGAAGCT 

222 CGTAGGTGACAAAGGGTTCAA AGGAAGGTCTTGAGGAAGCTA 

223 AGCTTGTCTTCGCTTGGTAGC TTCACAACCCAAAGCCCTG 

223 AGCTTGTCTTCGCTTGGTAGC CCTGTGGCCGGTAAAAGTA TA 

224 GCGAAAAAACCAAGAAAGATTA ATCTGGGCAACAACACACACTTT 

225 CTGCGAAAAACCAAGAAGATTA ATCATCTGGCACACACACTTTG 

226 TGAGAACAATGAGACACACGAATT GTACAGAATTGTGGAGTTCCATG 

226 CGAATTAAGTGAAGATGCCCAAA GTACAGAATTGTGGAGTTCCATG 

227 GCCTGATTCGGGTCTGTATGC TGCATCACCAATTCACCAGTT 

228 TGACTCGGCTCAATTCCAG ATGAAAGTGAC G AGTGGATG 

229 CGGTAGCTATGCACAGATTG TGCATTCAAATGGACAGAACTG 

230 CTAGTAAGGTGTGGCTTGGTTGAC CGAAACTAACACCGTCAAACTCTA 

230 GTGGCTTGGTTGACCTTGAGG CGAAACTAACACCGTCAAACTCTA 

231 TCCGAACGCCGCCGAGAGC GGCAGGCAGGCACGCACAT 

231 TCCGAACGCCGCCGAGAGC GGCAGGCAGGCACGCACAT 

232 GTGAGGCGAAGTACATGGCG AGCCACATCACCTAAGCAGC 

233 GCGCGTCGGTTCTAAACATA AACCAGCTGTG CTCGAGATGA 

234 ACTTCTATTTCCAAGCTAACAACC TTTCCAGGATGTTGGGACC 

235 TAAATTAAAGCCTCATGTGCA TTCTTTGTGTCAGGGGCTCAT 

236 GGTGTGTGCTCCAAGTGTGT AAGCACTTGCAGAGGCTGTT 

237 TCTAACTCAGCAAGCCTCCAAG CTACACACTTGGAGCACACACC 

238 GTTGACCAGCTGTGATTTCG ACTCGTGGTCGTGGAATACA 

239 GCCTCTGCAAGTGCTTAATTGTA GTCGTGGTCGTGGAATACATCG 
239 TTGAACAGCCTCTGCAAGTG CATCGAAATCACAGCTGGTC 
240 

241 ACACAGTGCTTCCGTAAACC CATCGAAATCACAGCTGGTC 

242 CACAGTGCTTTCGTAAACCTAGA TGGTCGTGGAATACATCGAA 

243 ATGAACGAAAGAGCGAGATA GGCCGTATACTTGCTCATCG 

244 AATAGCTCAGCTGCCGGAGT AGCAGCAGCAGTGCATGG 

245 GGTTGGTAATTTCAGAGCTAGA TCGAATGGCGTGTACCACAGTA 

246 CGATGGGTTTTCACAACTCA GTAACCTAGAATCCACATCAAAGC 

247 CCATCTCTTTACAGTAAATATCCG GACTGTTCTTTGAAATGAGGAT 
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248 CCATCTCTTTACAGTAAATATCCG GACTGTTCTTTGAAATGAGGAT 

249 ATGCCTTTACTGATTGGGTTACA GTTTTTTGGAAGGAGTAATAGATT 

250 CAGAAGGTCTGTTCGTTCCA TGACTGTTCTTTGAAATGAGGA 

251 GCTACGCCATTTAGCGAATTT GTGGGAGGATAAAAAAGATATTGCT 

251 AGCGAATTTGGGAAAATCAA GAAGACAATGGTGGGAGGAT 

252 TATAATGTTTAGCGACAGGGATG TAGCTCATTATTGCCTTCCGTAG 

252 TAGCGACAGGGATGTCGAG AGCTCATTATTGCCTTCCGT 

253 GCACGCACGTCGTTGGTGA TCGACAAGCAC CCGTACCGC 

253 GCACGTCGTTGGTGAAGAAG GGTGTACCCCGTCGACAA 

254 GCACGTCGTTGGTGAAGAAG GTCGACAAGCACCCGTACC 

255 TCAGGTACACGGGGAAGTCGG GCGCGGTGGTGGTGAAGAA 

255 CTCAGGTACACGGGGAAGTC CGGTGGTGGTGAAGAACC 

256 CCCAGCGCCTCGTCCCAGATC GTGGGCAGCGGGGACAGCGAG 
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WHAT IS CLAIMED IS: 

1. A nucleic acid segment comprising at least 10 
contiguous nucleotides including a polymorphic site from a 

5 -sequence shown in Table 1 or Table 2, or a plant cognate 
variant thereof, or the complement of the segment. 

2. The nucleic acid segment of claim 1, wherein the 
segment is less than 100 bases. 

10 

3. The segment of claim 1 that is less than 50 bases. 

4. The segment of claim 1 that is less than 20 

bases . 

15 

5. The nucleic acid segment of claim 1, wherein the 
segment contains at least 10 contiguous nucleotides including 
a polymorphic site from a sequence shown in Table 1 . 

20 6. The nucleic acid segment of claim 5, wherein the 

sequence is a Brassica sequence. 

7. The nucleic acid segment of claim 5, wherein the 
sequence is a corn sequence. 

25 

8. The nucleic acid segment of claim 1 that is DNA. 

9. The nucleic acid segment of claim 1 that is RNA. 

30 10. The segment of claim 1, wherein the polymorphic 

site is diallelic. 

11. An allele-specif ic oligonucleotide that 
hybridizes to a sequence shown in Table 1 or 2, or its 

35 complement. 

12. The allele-specif ic oligonucleotide of claim 11 
that is a probe. 
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13. The allele-specif ic oligonucleotide of claim 11, 
wherein the a central position of the probe aligns with the 
polymorphic site in the sequence. 

5 14. The allele-specif ic oligonucleotide of claim 11 

that is a primer. 

15. The allele-specif ic oligonucleotide of claim 11, 
wherein the 3 1 end of the primer aligns with the polymorphic 

10 site of the segment. 

16. A method of analyzing a nucleic acid, comprising: 
obtaining the nucleic acid from a plant, and determining a 
base occupying any one of the polymorphic sites shown in Table 

15 1 or 2. 

17. The method of claim 16, wherein the determining 
comprises determining a set of bases occupying a set of the 
polymorphic sites shown in Table 1. 

20 

18. The method of claim 17, wherein the nucleic acid 
is obtained from a plurality of plants, and a base occupying 
one of the polymorphic positions is determined in each of the 
subjects, and the method further comprises testing each plant 

25 for the presence of a phenotype, and correlating the presence 
of the phenotype with the base. 

19. Use of a polymorphism shown in Table 1 or 2, a 
nucleic acid segment of claim 1, or an allele-specif ic 

30 oligonucleotide of claim 11 to determine common or disparate 
ancestry between two or more plants. 

20. Use of a polymorphism shown in Table 1 or 2, a 
nucleic acid segment of claim 1, or an allele-specif ic 

35 oligonucleotide of claim 11 in plant breeding. 

21. Use according to claim 20, wherein the 
polymorphism, nucleic acid segment or allele-specif ic 
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oligonucleotide is used to monitor a genetic contribution of 
an ancestral plant to a progeny plant. 


22. Use of a polymorphism shown in Table 1 or 2, a 
nucleic acid segment of claim 1, or an allele-specif ic 
oligonucleotide of claim 11 to trace progeny of a proprietary 
plant. 

23. Use of a polymorphism shown in Table 1 or 2, a 
nucleic acid segment of claim 1, or an allele-specif ic 
oligonucleotide of claim 11 in certification of a hybrid 
plant . 

24. Use of a polymorphism shown in Table 1 or 2, a 
nucleic acid segment of claim 1, or an allele-specif ic 
oligonucleotide of claim 11 to identify a progeny of a 
backcross of a selected plant with an ancestral plant having a 
desired genetic contribution from the ancestral plant. 
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